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INTRODUCTION

Research in the life sciences typically deals with systems that are

non-llnear, multlcomponent, multipurpose and hence multivariate. Non-trivial

interactionsbetween components are the rule. In addition, studies of biological

systems frequently yield large volumes of data, generated at high rates. These

factors, singly and in combination, constitute a formidable challenge to math-

ematical analysis or synthesis; they largely account for the fact that much of

systems biology has had to content itself with descriptive, phenomenological

statements.

High-speed digital computers and the associated information-processing

technology embody means for realistically coming to grips with some of the

obstacles to a more quantitative, theory-oriented biology. In order for these

computer complexes to be maximally effective, cognizance must be taken of the

special character of research in the biomedical sciences. Such research poses

requirements of size, speed and versatility that can only be met by computers

whose design puts a premium on machine capability and operational flexibility.

One need in biomedical computing, hitherto largely unsatisfied, is basically

for machines and systems capable of processing and manipulating large volumes of

complex data, at speeds compatible with on-going experimentation. The stipula-

tionof "real-time," "on-line" operation derives from the frequent necessity

for immediate feedback between experimenter and data. Computers are thus viewed

astools in experimentation, not unlike their use in process control. Computers

as laboratory instruments need to be responsive to frequent changes in experi-

mental procedures and to the peculiar input-output requirements that character-

ize much of biomedical research.
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In addition to data processing and analysis, modeling and simulation

of biological systems can be carried out with the aid of computer systems

having the requisite flexibility and power.

Most currently available computer equipment fails to fulfill several of

the diverse requirements of the biomedical laboratory. Successful design and

development of computer systems geared to the needs of the life scientist can

only evolve from active_ day-by-day collaboration of computer technologists

with biomedical investigators. Hencethe need for a Center joining computer

technology to research in the biomedical sciences.
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CHRONOLOGY

Relevant Events Leading to the Concept of a New England Center

for Computer Technolo6y and Research in the Biomedical Sciences

1953 Time-Gated Amplitude Quantizer for neural signals (K. Putter).

First specialized computing device in CBG-RLE for bioelectric activity.

Farley memo on potential use of computers in neurophysiology and

biomedical work.

Clark and Farley initiated studies of neuron-like networks at

Lincoln Laboratory.

195_ Analog Correlator System for brain potentials (J. S. Barlow and

R. M. Brown). Constructed at RLE in collaboration with Dr. M. A. B.

Brazier's group at Massachusetts General Hospital.

1955 Evoked Response Detector for brain potentials constructed at RLE.

(J. S. Barlow and G. Fahringer).

1956 Special-purpose computing device, Amplitude and _atencyMeasuring

Instrument with Digital_utput (AL_DO), constructed at RLE

JR. L. Koehler).--

1957

1958

Design of Average Response _omputer (ARC-l) by W. A. Clark at Lincoln

Laboratory.

Studies of patterns in the electroencephalogram with the aid of the

Lincoln Laboratory TX-0 computer* (jointly by members of DCG and CBG).

Proposal by Papian and Clark (DCG) to put TX-O on MIT campus for use

by CBG.
o

TX-O transferred from Lincoln Laboratory to MIT's Department of

Electrical Engineering for use in teaching and research.

TX-2 designed and constructed at Lincoln Laboratory under the direction

of W. A. Clark. Design influenced in part by expected use for bio-

logical data processing and simulation of neuron-like networks.

* TX-O computer designed and constructed in 1955 by Papian, Clark, et al.
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1959 Two-week special Summer Session Program at MIT on Quantitative

Approaches to the Study of Neuroelectric Activity. Under the direc-

tion of W. A. Rosenblith and M. H. Goldstein, Jr. (Department of

Electrical Engineering and CBG). Lectures and demonstrations

presented by members of C_ and DCG.

196o Discussion of DCG-CBG collaboration in the design of a programmed

stimulus generator resulted in Clark proposal for design and con-

struction of a laboratory-type, general-purpose digital computer.

1961 First demonstration of prototype _aboratory __Instrument _omputer (LINC)

designed at Lincoln Laboratory by Clark and Lt. C. E. Molnar, Air Force

Cambridge Research Laboratory (formerly with DCG and CBG).

NSF-sponsored Research Training Conference in Computer Techniques for

Biological Scientists (3 weeks) organized by committee composed of

W. A. Clark, J. B. Dennis (Department of Electrical Engineering),

M. Eden, W. M. Siebert (Department of Electrical Engineering) and

T. T. Sandel, Chairman. Computer chiefly used: TX-O.

1962 2nd NSF-sponsored Research Training Conference in Computer Techniques

for Biological Scientists organized by J. B. Dennis, M. Eden and

T. T. Sandel, Chairman. Computer chiefly used: LINC.
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Events Preceding Formation of Center

During 1961 the management of MIT's Lincoln Laboratory indicated that

in view of its misslon-orientation, major commitments of facilities and per-

sonnel to health science problems were not appropriate. Members of the Digital

Computer Group (DCG) at Lincoln who had been cooperating with the Communications

Biophysics Group (CBG) at MIT's Research Laboratory of Electronics then initiated

efforts to determine whether they could find support for a large-scale effort

within the health science community.

Informal conversations were held with members of the faculty and admin-

istration of NIT and other academic institutions, as well as with administrators

at NIH. In 1959 the National Institutes of Health had formed an Advisory

Committee on Computers in Research (ACCR) to act as a study section and to explore

the usefulness of computers in biology and medicine. As part of ACCR's January

1962 report to the Director of NIH, W. N. Papian (then group leader of the DCG)

prepared an appendix entitled: Model for a Biomedical Computing Center which is

oriented toward Computer Technology. With the aid of this document and one

prepared by M. Eden of MIT's Electrical Engineering Department, W. A. Clark (DCG),

M. Eden, B. G. Farley (DCG), W. N. Papian and T. T. Sandel (DCG) drafted a

"working paper" in July 1962 for a Center for Computer Technology in the Life

Sciences.

This working paper was submitted for appraisal to Dr. C. H. Townes

(Provost at NIT) who then appointed a committee to report on the possible estab-

lishment of such a Center at NIT. Members of the committee were W. A. Clark,

M. Eden, P. Elias (Head, Department of Electrical Engineering), W. N. Papian,

F. O. Schmitt (HIT Institute Professor), and W. A. Rosenblith (Department of
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Electrical Engineering and Group Leader of CBG). The committee submitted a

favorable report to Dr. Townes in October 1962.

The MIT administration designated W. A. Rosenblith to be responsible

for the preparation of a proposal to NIH for financial support of a LINC

development program and for negotiations with NIH regarding the establishment

of a Center for Computer Technology and Research in the Biomedical Sciences.

In February 1963 Dr. Townes invited representatives of a group of New

England institutions to meet to discuss formation of a regional center involving

both computer technology and the biomedical sciences. Subsequent to a meeting

on February 28th, the interested institutions designated representatives to

serve on several committees concerned with the preparation of a proposal to

the National Institutes of Health. The following committees were active during

March and the first half of April, 1963:

1. Institutional relations

2. Scientific advisory and program

3. Facilities and space requirements

4. Hospital advisory

5. Training programs

0nApril 15, 1963, the Proposal was presented to the National Institutes

of Health.
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SCOPE OF OPERATIONS

Conceptually, a Regional Center at the interface of computer tech-

nology and the biomedical sciences has two major objectives: (i) it should

serve as a resource of facilities and talent for the participating academic

and research institutions and (2) it should foster programs in computer design

and development coupled to a broad-scale effort of basic research in the life

sciences. The success of the enterprise will be largely predicated on the

extent to which these twin programs -- the technological and the scientific --

complement and enhance one another. These considerations are reflected in the

definition of the primary functions of the Center for Computer Technology and

Research in the Biomedical Sciences, namely:

1. To conduct research in computer technology and to develop

computer systems appropriate to problems in the biological

and medical sciences, and

2. To conduct coherent research programs in those areas of the

biological and medical sciences in which the life scientists

and the computer scientists involved have overlapping interests.

The implementation of the first function calls for a series of broadly-

conceived projects in such diverse aspects of computer technology as systems

design, programming and logic studies_ memory engineering, development of

circuit and fabrication techniques, and materials and components research.

Within the range of biological and medical research activities encompassed by

the second of the above-listed functions, it is contemplated that initial

efforts would emphasize studies of the nervous system. This emphasis is a



natural outgrowth of the past concern and experience of the Center's initial

staff with the application of quantitative methods to the study of neuro-

electric phenomena. Other areas of research in the life science would pre-

sumably benefit from the use of computer techniques, especially those problems

that involve_eal-time processing of large volumes of data, the use of computers

as laboratory instruments, or theoretica_ formulations not readily amenable to

mathematical analysis.

The Center would operate a number of special computer facilities, even-

tually including a new large computer system of the TX-2 variety as well as

intermediate-size computers and small laboratory instrument computers such as

LINC. It would also develop and maintain special biological facilities and

equipment essential to the on-going research programs. These facilities would

be designed primarily to serve the needs of the intramural research and develop-

ment programs, but could be madeavailable for appropriate uses in the par-

ticipating institutions.

From its role as a regional resource in an academic setting, the follow-

ing additional functions derive:

3. To provide facilities for faculty affiliates and post-doctoral

fellows.

4. To afford opportunities for research by graduate students

from participating institutions.

5. To conduct training programs for workers in biomedical and

computer research.

6. To carry out advisory functions that fall within the scope of

the Center's activities. (The Center's facilities would not

be used for services already provided by existing computation

centers.)
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As soon as practicably feasible, the Center would seek to provide

suitable facilities for faculty affiliates from the participating institutions

as well as for qualified post-doctoral fellows. The latter, comprising both

biomedical investigators and computer scientists, would most likely be

recruited by means of a training fellowship program.

Concomitant with its research and development programs, the Center

would try to carry out a variety of educational and advisory functions in

relevant fields, geared to the needs of participating institutions. Graduate

students would be encouraged to participate in research at the Center, under

the active supervision of their academic sponsors and of Center staff members.

Additional training activities envisaged invlude: short-termtraineeships,

intensive workshops, seminars and symposia, special lectures and demonstrations,

as well as the preparation of reports, training films and documents of educa-

tional value.

As part of the Center's advisory services, staff members with appro-

priate skill and knowledge would m_ke recommendations concerning the disposition

of specific problems brought to them by scientists from participating institu-

tions. For relatively simple problems, an analytic solution or literature

references might suffice. For problems of sufficient scope and suitability,

the inquirer might be invited_ at least temporarily, to participate in the

Center's activities.
e

The role which the Center could Play in furthering the progress of

clinical research would have to be considered in the light of the competences

of the Center staff and of interested workers in clinical research. Clinical

research workers with the requisite mathematical sophistication to make effec-

tive use of the proposed facilities are not currently available and few
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appropriate problems have as yet been formulated. However, clinical research

is likely to uncover numerous problems requiring high-rate, experiment-oriented

data handling. A Clinical Advisory Committee would be established represent-

ing the medical schools and hospitals in the community, in order to identify

and select appropriate research problems.

%
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ORGANIZATIONAL STRUCTURE AND COMPOSITION

Staffing

The staff of the Center would be composed of computer technologists

and scientists, applied mathematicians, as well as physical, biological and

medical scientists. It is anticipated that a large proportion of the staff

would have some academic affiliation with one of the participating institutions.

In this manner the New England institutions could take maximum advantage of the

Center as a resource while the Center could maintain effective contact with a

broad spectrum of research and education in the biomedical sciences and

engineering.

The Center's professional staff would divide into the following

categories: (a) scientists and engineers whose institutional attachment would

be to the Center only; (b) scientists and engineers whose major con_nitment

would be to the Center but who hold appointments such as Lecturers, Research

Associates or Adjunct Professors at the participating institutions; (c) faculty

members at the participating institutions with major academic cozmitments who

consider the Center as their, and their students', research home; (d) faculty

and staff members of the participating institutions whose primary educational

and research commitments are outside the Center but who would expect to par-

ticipate in the Center's activities, on a part-time or part-year basis (this

categorywould be designated Research Affiliates of the Center); (e) fellows

and "trainees" at the post-doctoral level; (f) graduate students from the par-

ticipating institutions who might hold predoctoral fellowships or research

assistantships at the Center.
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Structure

The following organizational structure has been envisioned for

the Center:

I (Host Institution)
I

i
Ii
I

I

I

I
I

I
I

Institutional Advisory Board*

I Board of Advisors for Scienceand Technology**

Dire ctorate***

l

I

Computer Research Iand Technology

_onal and Advisory Functions****

!

i

I

i

-SpecialFacilities

!

£

Research in

Biological and

Medical Sciences

* Representing the participating New England institutions

** Representing the national scientific and technological community

*** Including the Center Coordinating Committee

**** Aided by a Fellowship Selection Committee and a Clinical Advisory Conm_ittee
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Host Institution

As host institution, MIT would assume various management_ fiscal and

long-range planning responsibilities consistent with its own resources and the

requirements of the Center. The Center's Directorate would report directly to

the provost of MIT.

Institutional Advisory Board

To insure the responsiveness of the Center to the needs of the community

and the participating institutions in the Near England region, the latter would

designate representatives to serve on an Institutional Advisory Board.

Board of Advisors for Science and Technology

The scientific and technical quality of the Center's programs would be

monitored by a board appointed by the host institution with the advice of the

Institutional Advisory Board. The membership of the Board of Advisors for

Science and Technology would be dra_ from the national community of scientists

and engineers whose fields of interest and competence relate to the broad

objectives of the Center.

Directorate

In consultation with the Institutional Advisory Board, the host

institution would appoint the Center's Directorate. The Directorate_ acting

with the advice of a Center Coordinating Committee, would have responsibility

for the day-to-day management and operation of the Center.
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SOME CONSIDERATIONS PERTINENT TO REGIONAL RESOURCE CENTERS

The establishment of viable regional resource centers at the interface

of the biomedical and computer sciences is bound to be accompanied by a host of

problems -- some generic to this type of endeavor, others arising from partic-

ular prevailing circumstances. Insight into some of these problems may be pro-

vided by our experiences in trying to create a New England Center for Computer

Technology and Research in the Biomedical Sciences. Bearing in mind the

customary caveats about extrapolations based on a highly specialized set of

conditions, it may nonetheless be pertinent to make some comments about

problems likely to be encountered in establishing other regional resource

centers.

A__u_.Problems of Interdisciplinary Research

In a general sense, the members of any technical community may be

located in a multi-dimensional space some of whose principal axes are:

(i) "Pur@'research - "Applied" research

(2) Theoretical - Experimental

(3) Physical - Biological

(4) Individual research - Group research

(5) Research - Development

The neighborhood in this space will determine to a surprising extent

the aspirations, prestige symbols, mode of publication, working habits and

working rules, salary ranges, need for academic affiliation, etc., of the

individuals so located. When, as in our case, the contemplated resource center
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would require the services of groups located in quite different neighborhoods

of the space -- so called inter-disciplinary research -- then the differences

listed above become crucially important. As an example, we contrast engineers

(particularly computer engineers) _ith experimental (non-clinical) biologists

in terms of these variables.

The vast majority of engineers would expect to receive industrial-scale

salaries, currently about 50 percent higher than those of biological scientists

with comparable experience. Engineers are accustomed to working in project

groups in which each member has a fairly specific assignment and a deadline.

Collaboration among biologists is usually informal and the freedom to proceed

as one pleases is jealously guarded. Engineers tend to publish infrequently

and usually limit their documentation to progress reports and in-house memoranda.

Conversely 3 biologists are committed to publishing their current findings in

professional journals. The great majority of biologists are faculty members in

an academic institution and conduct their research in conjunction with a teach-

ing program while only aminority of engineers have academic affiliation and do

any teaching. A biologist's scientific contribution and the value placed upon

it is judged primarily by other biologists who can build on this contribution;

an engineer's development is evaluated by users who will, in general, not be

engineers and his prestige will depend on the social worth of the tool he has

created.
0

In an attempt to minimize the effects of these different sets of values,

we were led to the formulation of the following general principles.

First priority must be given to the autonomy of each Center staff member

to pursue his program in his o_n_ay. The worth of an individual's program

would always be evaluated informally by his professional colleagues and would

be periodically reviewed by the Board of Advisors for Science and Technology.
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However, each investigator must feel that he is free to follow where his

curiosity and good sense lead him, so that as long as he remained within

the broad constraints of the Center's programs, he would not be importuned

or his position placed in jeopardy.

Clearly, this essential guarantee would have to be given another inter-

pretation when the investigator is part of a group working on somelarge systems

development. In that case, the group project's requirements would need to be

given priority over the individual's freedom to choose what he wants to do.

Whether decisions are madeby an authoritarian group leader, by a democracy of

the workers, or by someintermediate mechanismwould depend on the nature of

the specific project and the personalities of the group members. In every

group, the group leader needs to be given responsibility and hence authority

to makedecisions.

The preceding paragraph highlights the essential lack of syn_netry

between the technological and the biological parts of the Center. As an exam-

ple, if a "circuits" manwere needed, the Associate Director for Computer

Technology could attempt to recruit one, making the specific project assignment

a condition of employment. If the project is one which enjoys high prestige,

he should have relatively little trouble finding a suitable candidate. The

Associate Director for Biology might wish to find a neuro-embryologist. It is

_lmost inconceivable that he could induce an established biologist to accept a

Job in which the specific direction of his research would be prescribed. On

the other hand, if a particular biological group has sufficiently high prestige,

it would in all likelihood be able to find a post-doctoral fellow to undertake

a particular assignment as part of his education. No comparable practice is

found amongengineers, regardless of their level of formal training. Except

for those who choose academic appointments, engineers look for permanent
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employment immediately upon graduation and a pool of post-doctoral fellows

is as yet non-existent.

Secondto the necessity for the individual's autonomy is the need to

protect the integrity of project groups. For example, in the Center at the

outset, there would be a numberof people concerned with the explication of

electrical activity in the nervous system and they could be considered the

nucleus of such a project group. Onthe technologica!side we could anticipate

certain other project groups -- in circuits, magnetic materials and the like.

It is of great concern to the Center to be able to recruit additional personnel

who would provide skills lacking in the existing staff. While the size,

facilities, space_ etc., of each group would be policy decisions to be deter-

mined by the Center administrative apparatus, the choice of new personnel for

an already existing group should in large measure reflect the judgment of its

present members.

Because of the nature of their past professional training, manyof the

membersof the Center would have little experience in the classical disciplines

of the health sciences, i.e. in bacteriology, biochemistry, physiology, med-

icine and the like. To make its contribution to the health-sciences, the Center

would need to be embeddedin a research setting with a rich and continuous

source of biological and medical problems requiring the talents and competences

of Center membersin the physical sciences and technology.
e

In any branch of science or engineering, the individual worker obtains

many of his ideas from discussion with others of similar professional background

and interests. It would be impossible to obtain workers of high quality if their

role were to be exclusively that of service or if they were to work in an

environment in which their scientific specialty were sparsely represented.

There is little experience to be used as a guide in deciding on the appropriate
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size for a resource research center. Existing mathematical and technological

groups associated with biomedical institutions are all considerably smaller

than those of the planned Center. Within a university, size is of lesser

importance because there are departments of mathematics, applied physics,

engineering, biology, physiology, etc., to ameliorate the feeling of professional

isolation. The problem of appropriate size, taken together with the breadth of

the task with respect to the health sciences, suggests that the contemplated

plan for the Center is a lower bound on the size of a resource of the highest

quality.

B. Service Aspects

Since the development of resource centers for the health sciences is a

relatively new undertaking, there exists no clear conception of the forms which

working relations should take betweenthe center and "outside" scientists. At

one extreme, a resource center can be modeled on a service facility such as a

computation laboratory or an instrumentation shop. In that case the center's

personnel and equipment would be employed primarily in solving problems or

otherwise filling the needs of scientist "customers."
I

At the other extreme, the model might be a university research labora-

tory in that the center's facilities would be devoted exclusively to problems

of the intra-mural research program. Contact with other scientists would be
0

maintained on an informal basis but with no obligation to work on problems

brought in from outside.

While for certain specific tasks or in particular localities, resource

centers will be formed with these models in mind, objections can be raised to

the universal applicability of either extreme. So far as the service-type

center is concerned there is good reason to believe that professionals of high
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quality and research potential would be unwilling to devote all or even a

major part of their energies to problems not of their own choosing. The

difficulty encountered in trying to hire the best qualified people is well

know_nto heads of computer and programmingservices, instrument development

groups and similar service-oriented facilities.

The research-laboratory model will, in general, make such a center

muchmore attractive to the appropriate specialists. Consequently_ a resource

center -- whatever its substantive character -- will be a repository of skills

and facilities in short supply or perhaps even non-existent elsewhere. Yet

the scientific community at large mayhave serious need to use such resources

on a variety of problems, not necessarily related to those being studied by

center staff members.To someextent, the very uniqueness of the center's

facilities entails an obligation to consider how the needs of the general

scientific communitymaybe met. Indeed, even if no formal mechanismfor deal-

ing with such needs were established, it seemscertain that requests to use the

center's facilities would be madeinformally and pressures applied to indiv-

idual staff members.

The advisory facility proposed for the Center for ComputerTechnology

and Research in the Biomedical Sciences was intended to formalize the modeof

interaction between the Center and the scientific community. The goals in mind

were (i) to find a procedure to enable Center staff membersto pursue their

research unburdened by onerous service demandsand needless incursions on their

time and (2) to Provide any scientist with an evaluation of the computational

and instrumental requirements of his particular problem and advice on how to

obtain the necessary assistance.



-20-

To these ends, the Center had planned to establish an Office for

Training and Advisory Services. This Office would maintain a full-time staff

primarily for administration and for preliminary consideration of problems

which would be brought to it. The Office would employ a small number of

programmers to expedite the solution of problems that could be treated by

more-or-less standard computational techniques. To arrange computer time for

such problems, liaison would be maintained with neighboring computation

laboratories.

SomeCenter staff memberswould commit a fraction of their time, up to

perhaps 50%, to this Office. Evaluation of incoming problems would in general

be madeby these individuals but, as needed, other staff memberswith appro-

priate competenceswould be called on for consultation.

The service role is somewhatdistasteful to a number of scientists.

However, manyphysical scientists, engineers and applied mathematicians would

regard participation in such a service as part of their education and as an

introduction to an area" of the biomedical sciences. Furthermore, in the course

of such consultations, the person being consulted maywell becomesufficiently

interested in a biological problem to collaborate with its originator. In that

event, what started as a mere service function would have led to substantial

collaboration on a life science problem.
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II_TERIMREPORTONTHELINCEVALUATIONPROGRAM(LEP)

Introduction

The _aboratory l__ustrument _omputer (LINC) Evaluation Program evolved

out of considerations regarding the type of computing equipment that might

be optimally useful in the biomedical laboratory. Of course, simple utilitarian

aspects are not the only characteristics desirable in such a machine. Other

considerations must also be taken into account in the design of a computer for

these applications, such as the relative novelty of computer usage in the

biological and medical disciplines and the traditional level of funding for

such research.

A discussion of design criteria will indicate why the LINC evolved in

theform that it did and will further serve to pinpoint the particular features

of the machine that will be under scrutiny iu the evaluation program.

Attached to this document as Appendix 1 is a description of the LINC

written by W. A. Clark and C. E. Moluar which contains the following quotation:

"In designing the LINC, the principal underlying objective has

been to maximize the degree of control over the instrument by the

individual researcher. Only in this way, it is felt, can the power

of the computer be usefully employed without compromising scientific

objectives."

This description lists the specific design objectives underlying the LINC

development.

The first of these objectives refers to the physical and conceptual

scale of the machine. The LINC is intended for laboratory use, whether the

laboratory be a one-man or small group operation; this implies that the

machine should be physically small enough and simple enough to be operated,

administered, programmed and maintained by a single person should that be
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necessary. It is obvious that a stored-program, general-purpose digital

computer cannot be built at a cost comparable to that of a standard biomedical

instrument such as an oscilloscope, though its cost might be held within

the range of an electron microscope. It was therefore decided to makethe

cost of the LINC and its operation comparable to that of an electron micro-

scope with appropriate accessories. It _as hoped that its relatively small

cost and its simplicity of operation would make it possible for machine use

to be governed by scientific need instead of fiscal necessity and administra-

tive convenience. This concept of considering the computer as a laboratory

tool stands in marked contrast to the practices of most computer centers.

The second design consideration seeks to provide the experimenter with

effective control of the machine from a console which immediately displays

data and results for viewing and photographing. This design feature provides

the experimenter with direct and immediate access to his findings; it seeks

to minimize the interval between the initiation of an experimental operation

and the acquisition of results.

The third design objective requires that the computer be fast enough

for simple "on line" data processing and logically powerful enough to perform

more complex calculations later if required.

The fourth objective pertains to the flexibility with which LINCmay

be integrated into a wide variety of laboratory situations. It should be

capable of receiving both analog and digital inputs from such devices as

amplifiers, timers, transducers, plotters, etc. while minimizing the need

for complex intermediary devices. Implicit in this requirement is the concept

that the LINC should be complete within itself and require none of the peri-

pheral equipment typically associated with digital computers. All too
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frequently the acquisition of a computer sets off a continuing proliferation

of peripheral equipment.

The next design objective seeks to incorporate features that will facili-

tate training scientists, unfamiliar with digital computers, in the use of

the LINC. This objective should not be taken lightly; the rate at which

digital computers will find their way into biomedical laboratories will

depend critically on how well biological scientists understand and are able

to apply computer techniques.

The evaluation program will try to ascertain how well the LINC meets

these design objectives and to determine its mechanical and electronic

reliability in prolonged !gooratory usage. More generally, the LEP will aim

to assess _nether the use of digital computers in the biomedical laboratory

significantly advances the acquisition of knowledge.

Selection of Participants for the LiNCEvaluation Program

PH43-63-540r_ired the selection of a scientific advisory

committee charged with choosing participants for the LEP; this advisory

committee, which was called the LINC Evaluation Board (LEB), was to monitor

the progress of the program and to make a final evaluation. (See Appendix 2

for list of LEB members.) The membership of the LEB was selected with the

aid of administrators in NIH and NASA according to two criteria: (i) Scientific

competence in the major disciplines of the basic health-related and engineering

sciences and (2) equitable geographic distribution.

Following the selection of the LEB, an announcement was placed in the

February 22, 1963 issue of Science (see Appendix 3). At the same time a

similar notice was sent to the chairmen of university Biology and Zoology
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departments and to deans of all medical schools. A deadline of 15 March 1963

was specified for receipt of inquiries concerning participation in this

program. A letter (see Appendix 4) was sent to the 142 investigators who

made inquiries. This letter invited submission of a proposal to the LEB

before April 12_ 1963. Seventy-one such proposals were received before the

deadline; a list of these persons and the disciplines they represent may

be found in Appendix 5.

On the 19th and 20th of April 1963 the LI_C Evaluation Board convened

to select participants in this program. The Board first discussed and defined

criteria for the selection of participants: priority was to be given to

investigators whose basic scientific problems showed little possibility of

solution without the application of computational techniques; proposals that

fell within that category were further examined to determine whether their

needs matched the unique capabilities of the LiNC.

Every attempt was made to secure a fair representation with respect to

both discipline and geography. An examination of those selected will show

how well these objectives were achieved. Uufortunately no inquiries or

proposals were received from the west central or mountain states_ but other-

wise the inquiries and proposals s_0mitted reflect population and institutional

density. Those selected and four alternates were notified by the 22nd of

April 1963 (see Appendix 6).

The LEB next turned its attention to the program as proposed by the

staff in the Center Development Office (CD0). To the latter it seemed that

the most efficient procedure for providing appropriate background training

would be to have each participant assemble his own machine from prefabricated
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components. During each of two so-called assembly phases, July 1-25

and August 5-30, the participants were to be given lectures on programming,

operation, and maintenance of LI_C. They would then proceed to assemble

their own LINC under the guidance of CDO personnel and then begin to write

special programs applicable to their own investigations. This proposed

format was accepted by the LEB.

LINC Development

Before, during and after the deliberations of the LEB, the LINC

development group, under W. A. Clark, was working day and night to insure

that the LINC compouentswould be delivered at appropriate dates for use in

the two assembly phases. Those involved in this task included W. A. Clark,

C. E. Moluar, of the Air Force Cambridge Research Laboratory, S. Ornstein,

W. Simon, Mary Allen Wilkes, and M. Stucki with the able assistance of

N. Kinch and the CD0 technicians and secretarial staff. In view of the

small size of this group and the tight schedule, the decision was made to

subcontract for the manufacture of LINC components whenever possible.

The LINC prototype frame was delivered in the middle of June and

immediately subjected to a rigorous testing procedure to ascertain what

modifications might be required on the remaining machines.

Assembly Phases

The individuals involved in each of the two assembly phases are listed

in Appendix 6. An initial estimate of the effort necessary for successful

mastery of the material to be presented in each assembly phase showed that
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a minimum york week of 9 1/2 days, each consisting of about lO working hours,

would be required. The schedule was planued as follows: l) 8 days of lectures

on the fundamentals of digital computers including programming, logic, and

operating procedures_ and 2) 14 days for assembly, maintenance, and operation

with special emphasis on programming applicable to the participants' laboratory

problems.

This schedule could not be adhered to with the first assembly group.

As shown by the test procedure on the LINC prototype, the number of modifica-

tions required on the main frames resulted in a 4-day delay in their delivery.

As things actually transpired, however, this simply called for a reallocation

of time rather than an absolute loss of time. A greater difficulty arose

from the fact that a number of modifications had to be made on the machines

after their arrival at CDO. As the assembly of the machines progressed,

various difficulties arose which had to be remedied on the spot, resulting

in a "loss" of perhaps four or five days. Thereby, the first assembly group

gained substantial though unplanned trouble-shooting experience.

The second assembly group maintained almost to the day the initially

envisioned schedule. This is not to say that everything went completely

smoothly, but certainly there was not the air of breathlessness that charac-

terized the first group with respect to finishing on time. In both cases

the assembled machines were shipped out by van on schedule (see Appendix 7).

q

Both assembly groups seemed to have gained the requisite understanding

of the LINC. Thus, the amount of time assigned to the assembly phase seems

to have been approximately correct.

Appendix 8 contains the teaching materials used in the course. The

tutorial sessions during the early part of each assembly phase were presented
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by Mr. I. Thomae of CDO; Messrs. Molnar, Ornstein, Simon, Clark, and

Miss Wilkes also presented lectures covering special aspects of machine

organization and use.

Continuation of the LINC Evaluation Program

Present plans call for the continuation of this program until March 1965.

Field visits to various laboratories by CDO staff should assist the investi-

gators in LINC usage. Such visits have already been made: Mr. Clark has

been in Miami, at Johns Hopkins University and at Stanford. Mr. Thomae has

visited the University of Wisconsin, Washington University, Johns Hopkins

University and Brown University. All of the remaining laboratories are to

be visited before the first of December.

'±_o joint meetings of the LEB and participants in the LEP are planned:

the first arouud May 1964 and the second around March 1965. During these

meetings each participant is to report on the performance of his LINC and

to submit a supporting document covering: l) his experience with machine

performance and reliability, 2) adequacy or shortcomings of LINC with respect

to his specific problems and 3) detailed recommendations, if any, for modifi-

cations or changes in machine design.

The Future of the LINC

The contract stated that LINC was to be developed to a level where

manufacture became possible. In the opinion of the designers, LINC has

reached this stage. To make manufacturing possible, comprehensive descrip-

tion of the machine needs to be disseminated to interested manufacturers and

to this end a meeting is being contemplated within the near future. Because
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of the marked pedagogical value of assembling the machine from prefabricated

components it is hoped that at least one manufacturer will undertake to

provide the components for a LINC iu kit form. Such akit would also have

the additional advantage of a more attractive price.

Fiscal Aspects of the LINC Evaluation Program

In Appendix 9 costs of the LINC program Under Contract PH43-63-540

are shown. The cost of each machine is approximately 17% higher than initially

estimated. At least part of this additional cost must be attributed to the

very tight schedule under which this program was undertaken and should not

be reflected in the final cost of the machine if manufactured without com-

parable time pressure. It is worth noting, however, that the cost per machine

still r_mains compar_ole _o _hab of an electron microscope with accessories.

The nature of the LINC Evaluation Program makes the foregoing an interim

progress report on a continuing program. Further reports will be forthcoming

particularly following the joint meetings of the LEB and the participants

in the program.
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INTRODUCTION

There has been a growing recognition in recent years of the value of

digital techniques for controlling apparatus and for handling experimental

data within the laboratory. Several kinds of special-purpose digital devices,

some of them capable of simple fixed calculations, have been developed by

various workers and applied to problems of averaging, correlation, signal

generation, event recording, etc. For the most part, each of these specially-

designed devices is capable of only a narrow range of tasks and lacks the

versatility desirable in a general laboratory tool.

The so-called "general purpose" digital computer is potentially the most

versatile digital device by virtue of its ability to execute complex programs

of internally stored instructions. However, it has been either too large and

inaccessible or too slow for useful work in a laboratory environment. Further-

more, the technical development of the general purpose machine has tended to

emphasize those design features which exploit its ability to solve well-

defined mathematical problems in symbolic terms, with a consequent de-emphasis

of features useful in processing data in less highly stylized and rigid forms.

This deficiency of traditional computer design is particularly apparent

in the context of the biological or medical research program. Here the prob-

lems of achieving adequate operational flexibility, handling large quantities

of data (often in the form of electrical signals) and having to deal with in-

completely developed mathematical procedures all underline the need for more

appropriate computer systems. The LINC is an attempt to satisfy this need.

DESIGN OBJECTIVES

In designing the LINC, the principal underlying objective has been to

maximize the degree of control over the instrument by the individual resear-

cher. Only in this way, it is felt, can the power of the computer be usefully

employed without compromising scientific objectives. In particular, the goal
of the development has been a machine which:

lo is small enough in scale so that the individual research

worker or small laboratory group can assume complete

responsibility for all aspects of administration, operation,

programming, and maintenance;

. provides direct, simple, effective means whereby the

experimenter can control the machine from its console,

with immediate displays of data and results for viewing

or photographing;

3. is fast enough for simple data processing "on line"

while the experiment is in progress, and logically
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powerful enough to permit later, more complex calcula-
tions if required;

o is flexible enough in physical arrangement and elec-

trical characteristics to permit convenient inter-

connection with a variety of other laboratory apparatus,

both analog and digital, such as amplifiers, timers,

transducers, plotters, special digital equipment, etc.,

while minimizing the need for complex intermediating

devices;

5. includes features of design which facilitate the training

of persons unfamiliar with the use of digital computers.

The LINC design represents a reasonable balance among the conflicting require-

ments set by these objectives; the success of the design can be evaluated

only by using the computer in a wide variety of laboratory situations.

DESCRIPTION

The LINC is a small stored-program digital computer which uses transistor

circuitry and a random-access ferrite-core memory. The speed of the computer

is fixed by the length of time required to read information from or store

information into one of the 1024 (expandable to 2048) twelve-bit memory loca-

tions. Most of the LINC's instructions require from one to four memory-cycle

times of eight microseconds each for execution. The instructions available

may be grouped as follows:

i. Arithmetic instructions which perform addition, multiplication,

counting, etc.

2. Logic instructions which perform simple logical manipulations.

3. Data transfer instructions which move information from one

computer location to another.

4. Indexing instructions which provide a convenient means of

referring to tables.

,

.

Input-output instructions which transfer information to and

from external equipment.

Magnetic tape instructions which control various digital

magnetic tape operations.

, Control instructions that determine which of alternative sets

of instructions are to be executed according to various

criteria.
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The LINC consists of four independent console modules connected (through

easily detachable thirty-foot cables) to a cabinet containing the electronics

and power supply (Fig i). One console module houses most of the controls used

in operating the computer as well as indicator lights. A second module con-

tains terminals used to connect the LINC to other laboratory equipment. The

remaining two modules house a display oscilloscope and a pair of specially

designed magnetic tape transports which form an integral part of the LINC.

The four console modules are mechanically separate and may be stacked and re-

arranged in any desired configuration. The front panel of each console module

may be removed from its box and mounted in a standard rack with other labora-

tory equipment (Fig 2).

Programs are initially typed on a simple keyboard, stored directly in the

LINC's core memory and simultaneously displayed on the oscilloscope (Figs 3

and 4). They may be typed either as octal numbers or, aided by a simple assembly

program, in a symbolic form which uses three letter mnemonics to represent in-

structions. Several features which aid in the process of "debugging" programs

are incorporated in the LINC. The computer can be set to stop whenever a

chosen memory location is referred to, or a programmay be executed slowly, one

instruction at a time, while its actions are observed by means of the indicator

lights on the control console. Once a program has been written and corrected,

it may be stored on magnetic tape and conveniently retrieved for use at a later

time.

A wide variety of both digital and analog data and control paths for con-

necting the LINC to other laboratory equipment has been provided. There are

sixteen analog input channels connected to an internal analog-to-digital con-

version device which translates an input voltage on any of these channels into

an eight-bit binary number. Up to 25,000 conversions, under control of the

computer program, can be made per second. A simple program will display data

converted in this way on the oscilloscope (Fig 5). Eight of these analog

input channels are normally connected to potentiometers whose knobs can be used

as manual controls or parameter inputs (Fig 6). Two sets of twelve-bit digital

input terminals may be connected to other digital equipment such as counters,

timers, special encoders, or other devices which produce signals representable

in parallel binary form. These digital inputs may be accepted at peak rates

up to about 40,000 twelve-bit numbers per second. Another set of inputs to

the LINC provides a convenient means for the computer to sense external events

and synchronize itself with external equipment.

The principal output of the LINC is the oscilloscope display which may be

viewed directly or photographed (Fig 7 a-f). Displays of programs, data,

results of calculations, etc., can be generated point-by-point in graphical

or symbolic form at rates of lO,000 to 20,000 points per second in typical

programs. Letters or digits are generated and displayed by a special instruc-

tion at a rate of 4000 characters per second. There are two distinct display

channels which may be connected either to the display scope mounted in the

console module or else to remote standard oscilloscopes with special plug-in

units. LINC provides each display scope with a pair of deflection signals

which position the spot with a precision of one part in 256 along each coordin-

ate and an intensification signal to brighten the selected location on the

scope face.
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The magnetic tape system was specially developed to form an integral part

of the LINC system (Fig 8). It can be used to store programs, numerical data,

and results on small reels of 3/4 inch wide tape which contain 512 consecutively

numbered blocks, each capable of storing 256 twelve-bit numbers. The tape

moves at approximately 40 inches per second in either direction and information

is recorded at a track density of about 500 bits per inch. A block occupies

2 inches of tape and can therefore be scanned in about one-twentieth of a

second, although the time required to start, stop, or reverse a transport is

approximately one-quarter of a second.

A single computer instruction can transfer the contents of 256 core memory

registers to any desired block on either of the two tape transports, or return

the information thus stored to the core memory. The operation of the magnetic

tape units can also be directly controlled from the console thus providing a

convenient way of changing programs (Fig 9).

Output paths from the LINC to other equipment include two channels of

analog output signals which are usually used to operate the oscilloscope display

but which can drive an X-Y plotter or be used for other purposes. These analog

output signals have a precision of one part in 256 and may be changed at peak

rates up to about 60,000 times per second. Parallel digital outputs are avail-

able over one channel which provides up to 40,000 twelve-bit numbers per second.

Two forms of control outputs are available, one of which consists of six sets

of relay contacts operated by the computer, and the other of sixteen digital

output lines which can be pulsed individually by a special computer instruc-

tion. These features make it relatively simple, for example, to install a

typewriter as an auxiliary device.

A box-like design has been used in the console modules to simplify mount-

ing and physical arrangement (Fig i0). Cables are installed from the rear to

connectors on the removable console panels contained within the boxes (Fig Ii).

For the most part, the electronic Circuits used in the LINC are standard

commercially manufactured units (Fig 12). These are in the form of cards

which plug into a mounting frame held in the electronics cabinet along with

the power supplies. The LINC system requires about one kilowatt of standard

115 volt a.c. power.

EXAMPLES OF APPLICATIONS

It is difficult to give a comprehensive summary of the capability of the

LINC in various applications. The flexibility of a stored program machine

allows one to choose, from among many alternatives, a programming scheme which

efficiently utilizes the resources of the computer. Central storage capacity,

speed of operation, word length, and speed of magnetic tape operation are among

the factors that must be taken into account in selecting a programming scheme.

For any particular problem there is usually no unique "best solution." A des-

cription of a few typical problems which have been considered and tried by

various investigators may give some insight into the range of the LINC's

usefulness.
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Averaging of Evoked Electrophysiological Responses -- Presentation of acoustic

stimuli to a cat with implanted electrodes and averaging of cortical and

thalamic responses were performed by the LINC. Averaged responses to series

of stimuli as well as information relating to the variability of the respon-

ses were immediately displayed and also automatically stored on the LINC mag-

netic tape for more detailed examination at a later time.

Fourier Analysis -- A program has been written to perform a Fourier analysis

of electron diffraction data from thin metal films and to resynthesize the

original data from its Fourier components for verification of the analysis.

The Fourier components and the resynthesized data are displayed on the

oscilloscope along with the original data. The analysis and resynthesis

carried to 50 harmonics takes about one minute.

Resolving a Sum of Decaying Exponentials -- A problem in compartmental analysis

required a program to resolve a sum of decaying_exponential signals into its

individual components. This was done by displaying on the oscilloscope the

logarithm of the waveformbeing analyzed and fitting a straight line to por-

tions of the resulting curve. With the parameter knobs, the experimenter

adjusted the slope and position of a straight line also displayed on the

oscilloscope to get the best fit to the data. The component thus determined

was subtracted from the original waveform and the process repeated with the

remainder until all of the components were resolved.

Processing of Single-unit Data from the Nervous System -- Programs have been

written to determine, from micro-electrode recordings, the times at which

single neurons fired, and to calculate the distribution of intervals between

successive firings. These programs can also be used to determine the distribu-

tion of firing times following the presentation of a discrete stimulus.

Cursor Program -- An experimental curve stored in the memory of the LINC can

be displayed on the scope along with an adjustable cursor mark. This cursor

designates a desired point on the curve and its location is controlled by a

parameter knob. The amplitude of the point under the cursor is displayed

numerically on the scope.

Arterial Shock Wave Measurements -- A LINC program has been written to make

comparative hydrodynamic measurements in the ventricular cerebro-spinal system

in order to determine the dissipation and attenuation factors in shock waves

attributable to the arterial pulse. The LINC program was designed to work

directly with amplified signals from strain-gauges.

In-phase Triggering of Stimuli from EEG Alpha Wave -- Simple criteria have

been applied to portions of EEG signals to identify and mark the occurrence of

rhythmic bursts of alpha activity, and to trigger stimuli which are phase-

related to the alpha wave.
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Fig 1 The L I N C  (Labora tory  Ins t rument  Computer) I s  a small 
s tored-program d i g i t a l  computer des igned  t o  a c c e p t  a n a l o g  as 
w e l l  as d i g i t a l  i n p u t s  d i r e c t l y  from expe r imen t s ,  t o  p r o c e s s  
data immediately, and t o  provide  s i g n a l s  f o r  t h e  c o n t r o l  of 
e x p e r i m e n t a l  equipment. The L I N C  s y s t e m  compr ises  f i v e  phys- 
i c a l l y  d i s t i n c t  subassembl ies  which i n c l u d e  f o u r  conso le  
modules connec ted  by s e p a r a t e  c a b l e s  t o  a remote c a b i n e t  con- 
t a i n i n g  t h e  e l e c t r o n i c s  and power s u p p l i e s .  The c o n t r o l  
module c o n t a i n s  i n d i c a t o r  l i g h t s ,  pushbu t tons ,  and s w i t c h e s  
used  i n  o p e r a t i n g  t h e  L I N C .  A second module p r o v i d e s  f o r  
d i s p l a y  o s c i l l o s c o p e s ,  while  a t h i r d  module h o l d s  two magnet ic  
tape t r a n s p o r t s  of  special  des ign .  The last module is  pro- 
v i d e d  w i t h  s o c k e t s ,  jacks,  and t e r m i n a l s  f o r  i n t e r c o n n e c t i n g  
t h e  LINC and o t h e r  l a b o r a t o r y  equipment.  The photograph shows 
t h e  v e r s i o n  demonst ra ted  on March 27,  1962,  a t  t h e  M.I.T. 
L i n c o l n  Labora tory  . 



F i g . 2  Two L I N C  conso le  pane ls  mounted i n  a s t a n d a r d  r a c k  w i t h  
o t h e r  l a b o r a t o r y  equipment i n  a n  arrangement  convenient  f o r  
s i m p l e  e l e c t r o p h y s i o l o g i c a l  experiments  . The o s c i l l o s c o p e  on 
t h e  t a b l e  c a n  s u b s t i t u t e  f o r  t h e  conso le  module scopes  shown 
i n  o t h e r  f i g u r e s .  The remaining p a n e l s  are o p e r a t i n g  i n  
a n o t h e r  pa r t  of t h e  room. 



F i g  3 The o s c i l l o s c o p e  i s  a p r i m a r y  means of communication be- 
tween L I N C  and u s e r .  A t y p i c a l  i n s t r u c t i o n  manusc r ip t  which has 
just been  t y p e d  on t h e  keyboard  i s  d i s p l a y e d  on b o t h  s c o p e s .  

c 
F i g  4 I n f o r m a t i o n  typed  on t h e  keyboard and d i s p l a y e d  on t h e  
scope  i s  s imul t aneous ly  s t o r e d  i n  t h e  c e n t r a l  memory. From 
here  it  may b e  t r a n s f e r r e d  t o  magnet ic  tape and r ecove red  
whenever desired.  

0 



F i g  5 The o s c i l l o s c o p e  is  ope ra t ed  p o i n t  by  p o i n t  and c a n  d i s -  
p l a y  experimengal  o r  c a l c u l a t e d  c u r v e s  as w e l l  as c h a r a c t e r s .  
Note t h a t  t h e  d i s p l a y s  on t h e  twc scopes  need net be  i d e n + , i c a l ,  

Fig 6 The knob i s  b e i n g  used t o  a d j u s t  t h e  f i t  of a s t r a i g h t  
l i n e  t o  a cu rve  d e r i v e d  f rom a s i g n a l  connected t o  one of  the 
LINC's e igh t  a n a l o g  i n p u t  channels .  

0 
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F i g  8 To u s e  t h e  magnetic tape u n i t ,  a loaded  r e e l  
m a p p e d  o n t o  t h e  t r a n s p o r t  and t h e  t ape  i s  
drawn over  a s i m p l e  open gu ide  t o  a take-up r e e l .  
Pushbut tons  f a c i l i t a t e  l o a d i n g  and unloading .  

F i  9 The keyboard can b e  used t o  change t h e  v a l u e s  

programs. Records o f  such changes can b e  s t o r e d  on 
magnet ic  tape.  

+ expe r imen ta l  parameters  o r  t o  modify o p e r a t i n g  



F i g  10 The c o n t r o l  module be ing  s t a c k e d  on t o p  o f  t h e  magnet ic  
tape module. Cables  connec t ing  conso le  p a n e l s  t o  t h e  e l e c -  
t r o n i c s  c a b i n e t  are plugged i n  from t h e  rear. 

Fig 11 Rear view of the  c o n t r o l  module showing c a b l e  connec to r s  
on t h e  back of t h e  c o n t r o l  pane l .  Loudspeakers p r o v i d e  aud- 
i b l e  i n d i c a t i o n  of computer a c t i v i t y .  



FIE 1 2  T y p i c a l  t r a n s i s -  
t o r  c i r c u i t  p lug- in  
u n i t s .  About 275 plug- 
I n  u n i t s  are used  i n  
the L I N C .  

F i g  13 The e l e c t r o n i c s  
c a b i n e t  opened t o  show 
plug- in  u n i t s  and the  
power supp ly .  The LINC 
s y s t e m  u s e s  abou t  one 
k i l o w a t t  of s t a n d a r d  
115 v o l t  a . c .  power. 
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LINC EVALUATION BOARD

Members :

Dr. Mary A. B. Brazier University of California at Los Angeles

Dr. Jerome R. Cox, Jr. Central Institute for the Deaf

Dr. Everett R. Dempster University of California

Dr. Josiah Macy, Jr. Albert Einstein College of Medicine

Dr. Hubert V. Pipberger Veterans Administration Hospital_ Washington

Dr. Murray Rosenberg

Mr. Harold W. Shipton

Rockefeller Institute

State University of Iowa

Consultants :

Dr. J. H. U. Brown Division of Research Facilities and Resources, NIH

Dr. George Jacobs Bio-Science Office, NASA

Dr. Herbert B. Pahl

"o

Mr. Philip Sapir

Executive Secretary
Dr. Thomas T. Sandel

Division of Research Facilities and Resources, _IH

National Institute of Mental Health, NIH

Center Development Office, MIT
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Excerpt_ Science, 22 February 1963

The _ational Institutes of Health invites biomedical scientists

to participate in evaluating the usefulness of the Laboratory Instrument

Computer (LiNC), a small, stored-program digital computer developed at

MiT's Lincoln Laboratory, _ith the participation of the Air Force Cambridge

Research Laboratories. Participants _ill assist in assembling a LiNC,

and will provide an evaluation after using it in their o_n research

for a year. Deadline for receipt of inquiries: 15 March. (T. T. Sandel,

L_YC Evaluation Board, 292 Main S_., Cambridge 39, Massachusetts)
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L_R{'.') F,vaiuat __on Boar_

992 Math ,q,_ Cambr _,,_ '_2, Mass

I .---_" /'"J ...... _ .......... ,6 about

T
E×ecutl.ve Secretary, L!NC Eva!.uat!,_r Boar_

the L.INC Fvaluatler:. :"r_L-'.,ra,,,....

Thank you for th_ :tot_res; r _xpressed it, ,vour recent _.,,,q.Mry ...,

cernln_: the f, TN? .... {- "_, ..........
.. I_.l_.c the a_.swe.Ps tc mal_y of th-_appezded mat,_riai_,s you should "' _

questions we thought you might have c_ne_rn_ng part.tr'_.pa. _''

!n thts pro_am_

The LINC Eva:uatlo_ Pr._gram is one c,f the r_spc, rsibl).!.tie.s

ass!.gne_ to the Massachusetts _r_stit:ute _-l" T_chr,c,,_i.ngy tu _ c,':,r:._-
t.ract (PH_43.[_'3-f_4C ''} w:_th t?.e Nali,:>uaL fn:L_t.itut:as (:f Hea_th,
Plv.lsi_n of _es<:,ar(O,_ FaciLLt:ios and Resoure_.s. Th__s proof-an:'

is the vespans!b!i!:'ty of the L_NC Eva].ua¢.le.r, Eoa_,d, co_._pc._ed
of competent a_ _. kr.cwl edge able workers equ_t.abl.y distributed
among the Pei_w.n.t major disclp[i.ines of the baslr, health-,

tel.ate9 and er,gl.r, ee._Ing sciences.

The pr<,.pcsed _2N'7 Eva!uat£on Program consists mr' two ,_sse:t-:ta_.

ph._es ["he f_P'-'.,_ phase is the ass÷mbiy pha,_. _lr-. :h"._ p_':_,_e.
a pr-in.?iF:a/, writ., has _,/bmfitted a prc.pc.,sal a._.d ha_ heg:*, %e]_,"';..;.:_

t'y the L'fNC F.vaiioat-tor, Boa'-d fo_ parttcfipa_:}..c:r, "r th. _ pre6"":.a_,
wLLi be expected ',c,. b_: present _n Cambrfidge, bl.asra_h,_.s:-f;t.s, .t_r
a or,_ month per, ted. etther I.-26 ,,7_l.y or: _i-.3¢, August: 1963

During thls per,!.od the principal will (a) act_ve_,ty assfst Ln
t:he ftnai as_'_emb.ly .of his machine, (b) part.lc,\pat:e In '_:s fin.el._
tes_ir<_: a:}d (c) receive intensive t_a!n.lr,.[, .it: p_grammlng;
c,_=_-;_.1.or: and maIN.t_ ......... procedures r,el.at=d ,;_ t,,:. .: ,r,

Wh_.le such a program may s_und fcr_idab_, several a_.:ter'.uat:t'.g
co_._d_rations ne_,d _ be k_pb in mLr_d, Ftna:_ asse;._bL:, _s p___
_a_'i_y a .,cb _f Insta!l!.ng pre.-,wt_'ed cir<'u_t package_ in a
p_e-wlr_d frame ard e<_nnec<In/_ *,.;heJr, put=output equJpmen': t;',
tbe c.empus_,r _l.:,c.*, rcn!es., {For the tel.overt, ph.i.._-.oseph;/: s_<
t,._ o-,,..a.'_t_m.nt_ r,f' d_,c:igc, ot'JeetSves .Ln the app_.n(!e,l J,_," :.rma);
des.rP.tpt1.,m of t._" L,ZNC.} The assem.b£y opera_'l,'I[, a._.!tuaift,:_,
!:h_ paPtlelpa,:_t, In seine detaiL, wi_h t:h_. _cg_,ca_. c.')_ardzat-[ ''.
and t:h= basf;" components ef the maebj.n_., a filet that: s!" r:,'.',[[ "_
mak _ mair_=e._a.r,e_ a_d c,,p_rat_r:,g prrmedur_,s st.mp],=r_



.... __N_ FvaLuati,_m Program a LT.NCDurir, g tb_ s_eond pbare _f the r.._,_ .

w!li. be p_ac-_£ in the pari!c!pant's !abora_c_y, where It w,'.._._

be l.ntegrate_ _nto ongclng re_ear_.,. Lr_ _bat_v_r _ay t !,e ra_'_

t!c.*-_,ant _,'_e]s appre..p_,:ate .

}ar..._,:_.par:.tswill c e _,¢urse, re_ai', In ecemur_3.('at_on wl.t_ 'he

' *N _ g_'_p !n '"._ambr_dg_, ' '"
for :_nfe.-'_at ice. between the va..tlous part:.'.¢ipat.,,.ng groups iur-lng

Lnclu_e major programs wrltt.en for the var_.e,,_s LiNC._, exper_
:!_,_,,cew_th aspects e,f ,:)p_ratlng t_e !.!NCs in various ways, and

part.iou!ars of performance during the evaiuatlcn period. Par-

•:_iclpants sh.eu_d b_ prepare_ to submit reports _,r document,_.

lhat the L_NC Evaluatlen Board may require. T_ey should further .

v_s._.,,.s by me_.,b_'-s _f' +he '': _-

.in _a_,br_dge.. _he £urpce, e c,f these visits wi_]. be fe asslsfi

wlt,, _' unar..t_e!pated prebiems and tc help .",n the eva]uatScr, of t.he
mac h&D_.

At t._,e erd -,# *"_ evaiuatS<>n p_',">.J, F:,na! F,_p-_-#s of reas;>nab '_

:_etall _' _a t be _ubm.!tted by a]_ part _^ . ...." W4 ":........ C" " .. !pant s ' , ', _te
I.iN:. _ £val-,_at .... Beard

I_.. summary, a part _-_,,=_,*.,o,._,_... ._r_. the LiNJ Evaituat-,r,n .... ,_'regra_ sh-'.u! ,_,.
b_ p;'epa.t-ed t_.:

Ferscnaily part1__/pate in Vbe fInai ae.s_m.bly c-f

" " '_r_c_ufing t,_a_n_ng o_

I,IN:; prc,,g_mm_£&ng, cperar ic, r_, ap:d matnt, enar_ee
pr( "_dur£ _),

_¢t!ve.!y :'ommuni,:ate w._th .h_s c.'-)ieagues. Ip,

th_, undert.ak_r;,g t._.r'm_gh t:_r,e LINC g .... p

Ca_.brLdge a:ttir_z .as a_ !.nfc_at,tr;._, _.)ear!r._
]_'_C 'd S .@..,

ar_

-Q
.j -

'_U=....... LIN:2 Eva.. ...._a,.ion B:.ar,_, wbo3_. :-espo, ns'b&_Aty. ='t -_s" to ,¢ee +_
ar_ e.qui_.abLc- a.':.U'.:at_or, c£ t_e maqh.'_n.e_ _,_5._*:. under _b!s p_:o=

l.zr&tr,, roee.@s _'r'em eayh respr, ro,_eut, t:¢ this Let'ter, a prc_£,sa]:
_)t_.i,'::X, amor, g ,_.*ther t_:,n_s, 5_.ts f,_r*b ir_ s,_:me, deta!_, the
exZst:%ag reseaztb ,,.';r.-.gr_.m: _, &r_. prcgr£ss tr_ t:_.e iabo_'a_::.c, vy a._?',_,_:
_h_- ,':_, ,.,,r but.)cn ,hi h m .LZN'.' )m,gh,, make fc that. w,_rk "_'-',._,,

,_et.at_ed proDcsa].t:. _,ll, -.cr;st._It.ute the ma.ic:t- _¢Jur(-£ .gf &_f-;r_



N<: _F.ecifff. ed fo_m is required for the prop.qsak, bu+. the

_,:.<w_F,g.<sfc,rma,*;_m,. ,.. sh<u]d be emb¢,d.,ed f..:r,_a s_._rt: _,'.;,r_"''''_'":_t:._,._.

i. Name at,:9 address c.f Ir_s*\_ut_'cr

Name an_ *.tti_, <f ' _pa _
I °e,, pe_rt._c{F.ar_.t

_r_ " _'_"r _ de_.-_"p_r, _f re .....
r,esear_b and *.he pr_j_ct=d rc._e (.f _>,_ Lilac In

this r_-_search. N B, The appende_ d_,:r!pt!c,n

_f t.ne L,%NL."sbouid h_ ¢arefui):.y read b_f,_re

wr.:_tLng the research pre__p¢,sa]_ _" - r_': ....
_m %_Pe!-evanr:e ,'-f thf.s par'ti.;-uiar c,'-mputer re:.
y_ur research needs s,,h_uid be the prime ¢rlt_ricn,

<f your declsi<,r, concerning part.J.clpat%_:n fir. this

pr og ram.

g-
A pr_fer,_nee f..'_ror.e of t.b,_ t_.o a_semb_y paric_8.

that .the,re may be dtff-_?_itles _n s-_!qeffui'....rg,

]if _t w_.r_ posslhle fq_r s¢.m_ cf y_] tc _,_p be.th

peP_O_s ,-;per,, th_s f'aet, weu[d a:._d f;._.x'.,b_.l '...ty),

P8 A ra,., _ a -:c,6_"<

'.... ....:,:i[ "_:; :_,oi_.¢y, wn.,,t',,.:," y.r.:a :,,_<__. _e. .:h':..q-_. e:,_ :-, pa:.t'_.,'%_:-_m.::

. ..... ... .......... p:_ ,. . .., ...... t;

.,, ., F'_ &S _ ;," ];._;at_c.."



"7?he National _P_Ft.i_:.qta_ 'T:.f H,_a.)..t:}',.,subject c,uty

tc tP.e l_w!t:atic.,ns cf Its gener,a], p:,]_e_e_ £<,r

the suppr_Tt o£" 1.r_vestJ_at._s assuPe_ tbat each
F.e:es,::;_ w)-.r, i_ s_iected bs: the TLNC Rva:Lnati:r)
_;'._'d. (!.FB _; £<r t..__'s sLudy __t " b_ co, r-tac _'-,,.....4 hy
the: staff ,.:f the Na_.Lc.naL _iL,_t._.tut._.'_; ."£' Rea_t. _'
f".P the pc.rp,,_e "_f' pm,:v!dLn# djr_:_t s,uppe._: .In
_n awc, u_t te be det_rTr, Sred _n each f_.nsta_ce but;
wh__ch wLL._, be suf','Zlci_nt to, prov.'..de for: (a) the.

br:;.dge, t_ssa_'tius'_tts: a:'_.-a., h!.s, u-,%v_r_txy; {b}
;:,gr.s':st.,:-v;ee. f_.*;t_ t_. _r,v_s-:.i_at<r durl.r:._ t.!-.e.

sl_tpplm.g an:_ f._stia!l._'.._[[ the: er:,mpiet_d I,LNI: Im

::h_ 'ir_.w. vt!.gatcr','-', <,_,T ia'curatc_ry_

,.._ ,:_., p,. :) _'ff ;, ,.'-.[.£ :-: ..-<. .7_.,t_ .. _,;.,c.::a',_j _,'i-h _,, _¢s,_:e_b_y, e.,-a!r,_r-!_..a,,: ....... .,. ..:,
" _ .. t,_t.L _, _'_!,'_;:L;." "_ :[ ]_/' 'e _""t ' _-_- t_,,. _',_"'_ ;:"._'i" _.: -_. '.[ _,.t',_ 0 ......_._r'ar_. - ..... -_ ......... },,e ...... . .

..... : :,_._: f-'. . . , _. ht'.1( ? :_L.'? .-.-.

• : ",_'_:'.4 " !_ t _r' '1 ' _"_ '_: "'" ..... ' '

.... Oa.V,..... "....f t h _' _: _t,r",r'_':i*."_'"_.. ... ......_.. ....."r,_t _,.: :",:' y,:, ._ v_ _ ,:- :. ]:_

: ...... ¢.,_: ...._._-_r"_+ _¢,_. :::.f _,_ _.[N)', _._.:a_.:l__,:c_._-;;:_7",_-
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Proposals Received for Participation in the LINC Evaluation Progr.am

Name and Degree

Allen, M. B., Ph.D.

Andree_ R. V., Ph.D.

Attinger, E. 0., M.D.

Baughart, F. W., Ed.D.

Barker, J. N., Ph.D.

Bickford, R. G., M.D.

Blough, Do S., l_.D.

Boneau, C. A._ PI_.D.

Campbell_ S. L., Yh.D.

Chapman, L. F., Ph.D.

Coulter, N. A., M.D.

Daniel, R. S., I_IoD.

.Domino, E. F., M.D.

Dragsdorf, R. D., I_I.D.

Foshee, D. P._ I_.D.

Gasteiger, E. L., I_.D.

.... I_I.D.uluc_, H.

College or Institution and Location

Kaiser Foundation Research Institute

Richmond, Ca!ifo_aia

University of Oklahoma

Norman, Oklahoma

Presbyterian Hospital iu l_iladelphia

l_iladelphia, Pennsylvania

University of Virginia,

Charlottesville, Virginia

Jefferson Medical College

l_liladelphia, Pennsylvania

Mayo Clinic

Rochester, Minnesota

Brown University

Providence, _1ode Island

Duke University

Durham_ North Carolina

Los Angeles State College

Los Angeles, California

UCLA, Institute for Comparative Biology

Zoological Society of San Diego

San Diego, California

The Ohio State University

Co]._ifous3 Ohio

University of _Lissouri

Colmnbia, Missouri

University of Michigan

Ann Arbor, Michigan

Kansas State University

Ma_mttan_ Kansas

University of Mississippi _,dical Center

Jackson, Mississippi

Ne_ York State Veterinary College

Cornel] University

Ithaca, New York

University Hospitals of Cleve_!aud

Cleveland, Ohio

Field of Inte1_st

Biochemistry

Mathematics

Cardiovascular

_ysiology

Biostatistics

Biochemistry,

Biophysics

Neurophys iology,
EEG

Psychology

I_lysiological

Psycholo_¢

Psychology

C  rni )

Neurophysiology

Bio_lysics,
Cardiovascular

_lysiology

Neuro_ysiology,

Neurology

_larmacology

_lysics

Neuro_lysiology

Biophysics

l_lysiological

Psychology,

Pharmacology



Jar_etzky_ 0._ ],i.D.

Jett, R., MoD.

Jones, L. V., Ph.D.

Fmrf:eles, L. _.i._ MoDo

Colle_e or ._nsL,l_uvzol, and Location Fie]_d of Interest

Yeshiva University

New York City, Ne_ York

No_tlu,_estern University

Chicago, lllinois

Harvard Medical School

Bc ston; Nms sachus ett s

l{a_/ard University

Cambridge, bassachuse%ts

University of Michigan

Dearboi_, _H.chigan

Civil Aeromedieal _esearch In:_titute

Oklahomn Ci_yj Oklahoma

University of Illscousin

i_dison, _Tiscon _in

Fors_'%h Den_al Infi=_m_,ry

Boston, [_mssachu_ et.%s

State University of Io_,m

lo]m City, iowa

Emol_g University

At lanta, Georgia

Coll_ge of Physicians and S_geons

Colun_bia Univers J.ty

New York City, Nev York

Harvard biedical School

Boston; N_ssackusetts

University of Cincinnati

College of' l_edicine

Cincinnati; Ohio

University of Roch_:;tel.'

Rochester_ Netr York

Psychology

(}iotor ahi!itic_ )

Anal._ic

Physiology

Ne_-ophys io lo:py

Psychology

(Opera_ conditioning)

Ne_rophys io logy

Circulatory

_ysiology_

Biochemistry

_europhysiology

Anthropology

EEG

i_]ysiological

Psychology

Speech Analysis,
Physiological

Psychology

Biophysies

Renal _lysiology

_ysiologica!.

i'sychology

The Eastern Pen_y].v.nnia Psychiatric Inst. l_ysiological

l_ilade!phia, Pennsylvania Psychology,

I4_armacology

University of North Carolina Psychology

Chapel ilill_ North C_rolina (statistics)

University of _aryland School of _dicine

Baltimore, i_ryland

Cardiovascular

_ysiology,

_rophysiolo_y

L
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Name and DeGree

Kawin, B., Ph. D.

Kimbel, P., M.D.

Kushner, D. S., M.D.

Latimer, C. N., _!.D.

Lederberg, J., Ph.D.

Leichner, G. H., I_I.D.

Lilienfield, L. S., M.D.

Lilly, J. D., M.D.

Lipton, M. A., M.D.

Lyons, H. A., M.D.

Malindzak, G. S., i_.D.

McCandless, J. B., M.D.

Morrison, N.

Col!e_ or Institution and Location

Veterans ASministration Hospital

For_ Ho_ard, Maryland

Albert Einstein Medical Center

_iladelphia, Pennsylvania

University of Kansas Medical Center

Kansas City, Kansas

Worcester Foundation for Experimental

Biology

Shr,_vsbury, _ ssachusett s

Chicago Medical School

Chicago, Illinois

Lederle Laboratories,

Pearl River, Ne_; York

Stanford University School of Medicine

Pale Alto, California

University of Illinois

Urbnna, Illinois

Georgeto_al University Medical Center

Washington, D.C.

Coo_._unication Research Institute of

St. T11omas

Miami, Florida

University of North Carolina

Chapel IIili; Eo_h Carolina

State University of Ne_ York

Brooklyn, New York

Wake Forest College,

The Bo_-nan Gray School of Medicine

Winston_Salem, North Carolina

Inter lhmerican Univ._rs_ty of Puerto Rico

San Celu:mu_ Puerto Rico

Children's Hospital of Philadelphia

__iladelphia, Pennsylvania

_oston University School of Medicine

Boston, _#mssachusetts

Associated Hospital Service of New York

Eel. %'ork City, Ne_ York

Field of Interest.

Biophysics

Pulmonary

Cardiovascular

Physiology

Cardiovascular

Physiology

Neurophysiologyj

_arm._cology

Biophysics,

Biochemist :_

Psychopharmncolog¥

Genetics

Biophysies

Biophysics

Neurophysiology

Psychiat__#_

Neurop]_ys io fogy

IhfLmona_j

_ysiology

Cardiovascular

_lysio!o_ _

Biostatistics

Urology

l_lysiological

Psycho] ogy

Statistics



Proctor, L. D., M.D.

Randall, J. E., EI.D.

Reinhardt, W. E., B.S.E.E.

Salisbury, P. F., M.D.

Sclu,_n, If. P., Ph.D.

Seligson, D., M.D.

Shepard, R. B., M.D.

Smith, C. M., M.D.

S_e'._, J. A., I_n.D.

Van der IIelm, D., I_I.D.

_'lard, A. A., M.D.

T.$eiss, B., Ph.D.

College oz" Institution and Location Field of Interest

Johns Hopkins University

Baltimore, Maryland

University of _:lichigan

Ann Arbor, Michigan

_.;ashington University

St. Louis, Missouri

Maine Medical Center

Portland, Maine

Tulane University

Delta Regional Primate Research Center

Covington, Louisiana

Edsel B. Ford Institute for Medical

Research

Detroit, Michigan

University of I,[issouri Medical Center

Columbia, Missouri

State University of lo_m College of

Medicine

Iowa City, Io_

St. Joseph Hospital

Burbank, California

University of Pennsylvania

Moore School of Electrical Engineering

Philadelphia, Pennsylvania

Yale University School of Medicine

New ILsveu, Connecticut

University of Alabama Medical Center

Birmingham, Alabama

Ne1_rophysiology

Physiological

Psychology

Neurophysiology

Cardiovascular

_lysiology

l_ysiological

Psychology

Neurology,
EEG

Cardiovascular

Physiology

Biomedical

Engineering

Cardiovascular

_lysiology

Biomedical

Engineering,
Biophysics

Biochemistry

Cardiovascular

_ys iology

University of Illinois College of Medicine Neuro_larmacology

Chicago, Illinois

_;ashington Univel_sity School of Medicine

St. Louis, Missouri

University of 01_lahoma

Norman, Oklahoma

University of _._ashington, School of

Medicine

Seattle, Washington

Johns Hopkins University

r altimore, _jland

_lysiological

Psyc]mlogy

Chemistry,

Biochemistry

Neuro_lysiology

Psychology_

_larmacology
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Name and Degree College or Institution and Location Field of Interest

_Tilson, W. A., M.D.

_loodbury, J. _l., I_I.D.

Wootton, P.

Zablo_¢, L. j M.D.

Bryn .Ma_r College

Bryn _, Pennsylvania

University of _._ashington

Seattle, _'Tashington

T_nor Institute of the S_,edish Hospital

Seattle, _.Tashiugton

College of l_ysiciaus and Stucgeons

Columbia University

Ne_ York City, Ne_ York

E_ysiological

Psychology

Myocardiac

E1ysiology

Biophysics

Neurology
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LINC Participants

Dr. Ernst O. Attiuger

Dr. Antharvedi Anne'

Dr. Donald S. Blough

Dr. C. Alan Boneau

Dr. Sidney Goldring

Mr. Lloyd Simpson

(Dr. James L. O'Leary)

Dr. Fred S. Grodins

Dr. James E. Randall

Dr. J. E. Hind

Dr. C. Daniel Geisler

Mr. Lee Hundley

(Dr. Joshua Lederberg)

Dr. John C. Lilly

Mr. Ben Locke

Dr. George S. Maliudzak

Dr. Fred Thurstone

Dr. Gian F. Poggio

Dr. Gerhard Werner

(Dr. Vernon Mountcastle)

Dr. Bernard Weiss

°
Dr. J. Walter Woodbury

Dr. Albert Gordon

The Presbyterian Hospital in Philadelphia

Research Department

Brown University

Department of Psychology

Duke University

Department of Psychology

Washington University School of Medicine

Department of Psychiatry and Neurology

NorthwestemUniversity Medical School

Department of Physiology

University of Wisconsin

Laboratory of Neurophysiology

Stanford University Medical School

Department of Genetics

Communication Research Institute

Miami, Florida

Wake Forest College, Bowman Gray School of Medicine

Department of Physiology

The Johns Hopkins University School of Medicine

Department of Physiology

The Johns Hopkins University School of Medicine

Department of Pharmacology and Experimental

Therapeutics

University of Washington

Department of Physiology and Biophysics



ROSTER

First Assembly Period

L_C Evaluation Program

Donald S. Blough, I_. D. Broom University,

Department of Psychology

C. Daniel Geisler_ Sc.D. The University of Wisconsin,

Laboratory of Neuro_lysiology

Jose,1 E. IIind, _.D. _e University of Wisconsin,

Laboratory of Neurophysiology

Lee IIundley, B.S. Stanford University,

Department of Genetics

John C. Lilly, M.D. Communication Research Institute

Ben Locke Communication Research Institute

Gian F. Poggio, M.D. The Johns Hopkins University,

Department of _ysiology

Bernard Weiss, Ph.D. The Johns IIopkius University,

Department of _mrmacology and Experimental

Therapeutics

Gerhard Weruer, M.D. The Johns Hopkins University,

Department of _ysiology



LXNCEvaluation Program

Second Assembl_ Phase Participants

Fred S. GzDdins, M.D.

James E. Randall, I_I.D.

North_estern University

Department of l_y_ioiogy

C. Alan Boneau_ Ph.D. Duke University

Depaz_ment of Psychology

Ernst O. Attinger, M.D.

Antha_edi Aunt, El. D.

Research Department

P_msbyterian Hospital in Philadelphia

George S. Malindzak_ Ph.D.

Flmdrick L. Thurstone, Ph.D.

Wake Forest College,

The ho_,_an Gray School of Medicine,

Winstou_Salem, North Carolina

Sidney Goldrir_3 M.D.

Lloyd N. Simpson

Washington University

School of Medicine

Department of Psychiatry and Neurology

J. Walter Woodbury, I_.D.

Albert M. Gordon, E_.D.

University of Washington

Depa1%ment of Physiology and Biophysics
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INTERDEPARTMENTAL MASSACHUSETTS INSTITUTE OF TECHNOLOGY

CENTER DEVELOPMENT OFFICE

FOR COMPUTER TECHNOLOGY IN THE BIOMEDICAL SCIENCES

292 MAIN STREET, CAMBRIDGE _9, EXT. $841

14 August 1963

To: Central File

From: T.T. Sandel

As of 13 August 1963 all LINCs from the first assembly phase including

the Killam LINC had been delivered in apparently good order. The date

of departure was nominally 26 July 1963 and the dates of arrival were

as follows:

D. S. Blough, Brown University, Providence, Rhode Island -- 27 July 1963

G. F. Poggio_
G. Werner j Johns Hopkins University, Baltimore, Maryland -- 2 August 1963

B. Weiss, Johns Hopkins University, Baltimore, Maryland -- 2 August 1963

J. Lilly, Communication Research Institute, Miami, Florida -- 9 August 1963

K. Killam _Stanford University, Palo Alto, California -- 9 August 1963
J. Hance 3

L. Hundley (J. Lederberg), Stanford University, Palo Alto, California -- 9 August 1963

J'C.HindGeisler) University of Wisconsin, Madison, Wisconsin -- 13 August 1963

No damage has been noted in any case which might be attributed to transporta-

tion via furniture van. The only malfunctions which have been noted fall

into trivial categories and have been easily remedied.



INTERDEPARTMENTAL MASSACHUSETTS INSTITUTE OF TECHNOLOGY

CENTER DEVELOPMENT OFFICE

FOR COMPUTER TECHNOLOGY IN THE BIOMEDICAL SCIENCES

292 MAIN STREET, CAMBRIDGE )9, EXT. 5841

30 September 1963

To : Central File

From: T.T. Sandel

As of 30 September 1963 all LINCs from the second assembly phase including

the Stacy LINC had been delivered in apparently good order. The date

of departure was nominally 30 August 1963 and the dates of arrival were

as follows:

E. 0. Attinger _ Presbyterian Hospital in Philadelphia, Pennsylvania --

A. Anne" _ 6 September 1963

F. S. Grodins _ Northwestern University, Chicago, Illinois -- ii September 1963
J. E. Randall J

C. A. Boneau Duke University, Durham, North Carolina -- 12 September 1963

R. W. Stacy ) Institute of Statistics, Raleigh, North Carolina -- 12 SeptemberN. R. Bell

G. S. Malindzak _ Wake Forest College, The Bowman Gray School of Medicine

F. L. Thurstone _ Winston-Salem, North Carolina -- 12 September 1963

S. Goldring _ Washington University, St. Louis, Missouri -- 17 September 1963
L. N. Simpson J

J. W. Woodbury_ University of Washington, Seattle, Washington --

A. M. Gordon _ ' 30 September 1963

G. Malindzak reports that one of his console cases was cracked in transit.

No other damage has been reported.
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An Introduction to Bin___a__yNumbers and Binar_ Arithmetic

Irving H. Thomae

28 June 1963



An Introduction to Binary Numbers and Binary Arithmetic

From a pragmatic viewpoint, any numerical notation or number system

is merely a code for representing quantities _ statements about "ho_ many."

In other _ords# a number system is a language in which topics like counting

and arithmetic can be discussed conveniently. We may not expect that

such a language _ill be unique. There may be, and in fact there is, a

_rhole family of number systemm, and the particular number system used

by a particular digital computer is, in this sense, that computer's

"language." _lile _ do arithmetic in the decimal system, LINC and many

other computers use the binary number system. Before explaining binary,

let us recall what is meant by a "decimal" system.

Everyone lea_ms in grade school that a decimal number such as 7,_32

represents "t_o ones, three tens, four hundreds, and seven thousands."

Reading from right to left, in other _ords, the successive columns are

ascending powers of ten: lO0(=l), 10 l, lO2, lO 3, etc. The system is

based ou te_u, as the name implies, and there are ten different s__mbols

used, 0 through 9.

But there is nothing to prevent us from using some other number as

a base, or radi__x. The addition tables etc. _uld have to be rewritten,

since the same quantities _ould be differently encoded, but t_o plus t_#o,

by any name, must still be four, even though _ may _rfite "_ + _ =_", or

"i0 + i0 -- i00." In this paper, _ _rill use spelled-out names of numbers

to refer to the quantities they represent, independent of particular

number systems. Thus_ "two" is an invariant. It a!_;ays means the number
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of dots in this circle: O" The mark "2," ho_ever_ is undefined in

somenumbersystems, including binary; and the mar_ "lO" has a different

meaning in each different number system.

The binary system is based on the imdiX tvo. This meansthat there

need be only t_o symbols, conventionally taken as 0 and 1. This is _;l_y

computers use it, since au on-off, or two-state, device is muchsimpler

than a ten-state device.

Reading from the right end of a b_inary number, successive columns

are ones, t_os, fours, eights_ etc., - 20(=1), 21,22,23, etc. - ascending

polders of t_o. Thus, the number llOO1 represents, reading from right,

"one one plus no tiros plus no fours plus one eight plus one sixteen,"

or twenty_five. It must be admitted that binary numbers are less compact

than decimal, but for computer use, _,._e_ill see that this disadvantage

is far outweighed by the advantages.



Comparethe follo_iug numbers:

DECIMA/_

102 i01 i00

BINARY

26 25 24 23 22 21 2o

rn

4_ 0

0 0 !

0 0 2

0 0 3

0 0 4

o :o o

.:4
•,_ ,_

0 0 0 0 0 0 1

0 0 0 0 0 1 0

0 0 0 0 0 1 1

0 0 0 0 1 0 0

o o 5

o o 6

o o 7

o o C

0 0 0 0 1 0 1

0 0 0 0 1 1 0

0 0 0 0 1 1 1

0 0 0 1 O 0 0

o o 9

0 1 0

0 i 1

0 1 2

0 0 0 1 0 0 1

0 0 0 1 0 1 0

0 0 0 1 0 1 1

0 0 0 1 1 0 0

o l 3

o 3. 4

o 1 5

0 2 0

0 0 0 1 1 0 1

0 0 0 1 1 1 0

0 0 0 1 1 1 1

0 0 1 0 1 0 0

o 2 6

o 6 3

o 6 4

1 1 7

0 0 1 1 0 1 0

0 1 1 1 1 1 ].

1 0 0 0 0 0 0

1 1 1 0 1 0 1



Fractious are represented in the same_y. Columns to the right

of a decimal point represent increasingly negative po_rs of ten

(tenths, hundredths, thousandths_ or lO "l, lOu2, lO "3, etc.). Similarly,

to the rigJlt of the binary point _ have halves, quarters, eighths -

2 "l, 2-2 , 2-3 , etc. Any fraction can be represented in this form. For

instance, .lOll is "l half plus no fourths plus 1 eighth plus 1 sixteenth,"

or eleven sixteenths, .6879. Similarly, lO1.Oll is 5 3/8, or 9.375-

The tablesof po_ers of two attached, especially the positive powers,

should be at one's mental finger tips.

We _ill often refer to the columns of a binary number as "bits."

Strictly speaking, a "bit" is any item of yes-or-no Information, but in

practice this distinction will usually be unimportant. We also frequently

name a bit in a number by the po_r of two represented. Thus, the "O-bit"

is the right-most bit, representing 20 or l; "bit 4" is the fifth from

the right, representing 24 or sixteen.

The numbers listed on the preceding page illustrate two important

points about number systems. Consider first the counting process _;ith

respect to one column of a decimal number. As l's are added, the column

"fills up" until 9 is reached. This is the maximum capacity, so _nheu

the next 1 is added we must return our column to 0 and carry 1 to the next

higher column.

In the binary system, ho_ver, a given column's value may only

be 0 or l, so every second time a bit receives a I it must clear and carry

to the next. For a given bit, then, counting is a process of alternating,

or "flipping," between "0" and "l", originating (sending out) a

every time it reverts from "l" to ''_,_.''



In either system, when all columns are filled to capacity, the next

"l" added trill require a ne_ column. In decimal, we see this happen iu

going from 9 to lO, or 99 to 100; in binary this happens, for example,

bet_en seven and eight, fifteen and sixteen, or sixty-three and sixty-four.

Notice also that it is always extremely easy to multiply by a po_r

of the radix. In decimal, %m may multiply by ten by shifting the entire

number left one place, or by l0u by shifting left n places. Correspondingly,

in binary _ can multiply by t_ by shifting left one place, or by 2u by

shifting left u places. Compare three, six, and t_elve in binary _rith

three, thirty, and three hundred in decimal; or thirteen and twenty-six

iu binary with thirteen and one hundred_thirty iu decimal:

BINARY:

I

IIoI 

three, times(two) 1:

shift left one.

DECIMAL:

i

three, times(t_o) 2 :

shift lei_c t:_o.

m

thirteen, times(t_____)1:

shift left one.

three, tlmes(teu) 1 :

shift left one.

three, times(ten)2:

shift left two.

thirteen, times(te___n)l:

shift left one.

FIGURE i. Multiplication by the radix as a shifting process.

The process of "translating," or reconvertiug from binary to decimal is

obvious; it might be helpful to describe decimal-to-binary conversion



explicitly. Starting with the largest possible po_r of two, _ attempt

to subtract successively smaller po_rs of two from the current remainder

and get a positive result. For each successful subtraction a 1 is

recorded, otherwise, a O. Thus the decimal uumber 685 converts as follows:

_35
-51__22 [_29 ]
+z73

-128 [=2"]

(-64) [,,2_] X
[=2 ]

+.13 v*

(-_6) [..2_] X.
8 [=2 _ ]

+_ v"

= 4 [-22 ]
+--7 '/

(- 2) [=2_] /.
- z [=2"] V"

0

lOllOl

J I
t
t

t
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ADDITION

Binary addition is very simple. The basic table has only four

entries, compared to one h_udred in decimal:

Decimal: + 0

0 0

i i

2 2

i 2 3 -.. Binary:

123

234

345

etc.

+ 0 1

0 0 1

1 1 i0

Notice that for a particular bit, i+i gives 0 _rith a carry. This we

have just seen in considering the counting process. Indeed, from the

vie_point of a particular bit, addition is ahmys basically a counting

process.

We may illustrate _rith an example.

column sums

primary carries

first carry sum

secondax-j carries

secondary carry sum

tertiary carries

result

Ii010

i0110

OllO0

1 1

i01000

1

lO0000

1

ii0000

Of course, in doing the sum one would normally add in the carries

as they appeared, but this form sllows _lat is going on more clearly.
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MIF_TIPLICATION

Binary multiplication is, if anything, even simpler than addition.

The basic table is:

0 1

OiO 0i 0 1

i times i is i, and anything else is O. It is easy enough to combine

this with the standard methods. Compare decimal and binary multiplication:

a. 356

0000

2492

e52o_gg

b. A Decimal: 29

x B 21

c 29
GO
2u

Binary: iii01
i0101

ii!0!

00000

iii01

00000

IIi01

i001100001

Of course _ normal]_ omit the rows of zeros. But notice that in

binary, multiplication by each multiplier digit is reduced to the decision

whether or not to copy the shifted multiplicand. So, in this example,

_e take (i) [(20)(A)] + (0) [(21)(A)] + (i) • [(22)(A)] + (0)

[(23)(A)] + (i) • [(24)(A)], or in all, twenty-one times A, or B times A,

_lich is exactly what _ _aant.
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By no_ it should be quite clear that binary arithmetic is both

simple and cumbersome. There is available a very convenient _my to avoid

the awkward chains of ones and zeros. 1.Teintroduce another number system,

octal, _hich is based ou eight. _lis system has 8 characters, for _ich

_e use the Arabic numerals 0 through 7- !nterconversiou bet_eeu binary

and octal can be done by sight, since a group of three binary digits is

completely equivalent to one octal digit. %_is of course is so because

8 = 23. So _ have this equivalence:

BINARY 1 O 1 0 1 1 9 3 OCTAL

2.5 = 4 x 81

_24 _i=2XO

23 = ! x 81

•-) 2 2 ,,4 x 80

,, 8021 2 x

= 8020 i x

BINARY OCTAL

000 0

001 1

010 2

OZl 3

zoo 4

I01

llO 6

iii 7

See also the tables of po_;ers of two.



A binary{ nt_7oer g1_uped in set_ of 3 bits each can thus be read off

in octal, a far more convenient notation.

Compare these numbers:

DECIMAL BINARY OCTAL

lOl 9

8 1 ooo io

9 1 oo! ii

12 ! !oo lh

19 1 Ill 17

16 io ooo 2o

29 Ii lOi 35

32 lO0 0o0 4O

4o !0! o00 50

5A 110 ii0 66

zoo 1 loo zoo 144

3739 Ill 010 0L1 Oll 7233

One can clearly also do arithmetic in octal, and oltho_h LTNC

actually operates in binary, it is customary and proper to use octal

almost exclusively _en programming and operating the computer.

The addition and multiplication tables are perfectly strai_itforward,

except tlmt the digits 8 and 9 are missing. For convenience they have

been appended. A brief glance at them will indicate that the same counting

processes hold as in any other system: _heu the capacity of a particular

column is exceeded, clear it and carry.

One pltfall to be avoided carefully is that octal numbers look,

superficially at least, much like ordinary numbers. The complete absence

of 8's and 9's may not be i_medlately evident, and much confusion can

result. Therefore, wherever ambiguity seems possible, numbers _dll be

_e-itten _dth the subscript "8" or "lO" to indicate "octal" or "decimal."
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CO_LEF/_'_f_21T_,_TiC

Up to this point _ have assumedthat we could represent any number,

uo matter how large. In a digital computer, each digit is represented

by somekind of physical hardware, such as a wire, a "fllp-flop," or

a llght-bulb. _le computer thus necessarily has a finite range of

numbers, determined by the u_uber of bits available. For instance,

LINC has t-_elve bits, so the largest p_1_ _,_ :_hich could norm._nlly

be represented is 409510 (77778). If we add 1 to this number, we ought

to get 1 000 000 000 0002 (100008), but only the rightmost t_elve bits

are represented, so the next number in sequence is O. More simply,

but in exactly the same_y, if _ had three bits available the biggest

numberpossible _ould be lll (78) , followed again by O. In that closed

system i, 9, and 17 are comPletely equivalent. They are said to be

equal "modulo 8;" in other _ords, they all give the sameremainder when

divided by 8.

Supposenow we arrange things so that, iu our simple closed system,

the extra can_ generated _hen _ add 1 to 7 is brou_j_t around the end _

as an "end-c_rry" - and added in at the O-blt. ;Pneu this occurs, the

result is OO1 - as if _ had added 1 to 0 instead of to 7:

3-blt closed system: 1 i 1 0 0 0

+ 1 • 1

ooiend_around carry .,
001

12-bit closed system: i I I I i I I i i
÷

(_0 0 0 0 0 0 0 0 0 0 O0
end carry I

0 0 0 0 0 0 0 0 0 0 0 1

I 11 000 000 000 O00

1 + 1

0 0 0 0 0 0 0 0 0 0 0 1
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In fact, iu end-carry u_digit binary arithmetic, the n,J,_er composed

of n l's behaves exactl[ like O. It is customarily referred to as

"minus zero" to distinguish it from the more familiar form which is

then referred to as "plus zero."

Continuing iu our S-digit end-carry system, we consider the follo_duG

arrangement of numbers :

011

i00

i01

,IX,$

010

001

,

lll

000 "+0"

Ii0 "-0"

These are, of course, all the possible numbers _ may have.

Define positive rotation counter clock_rlse ( _ ). Counting around

the _heel, the position "X" is then plus five. However. if we start at "-v_"

and count clock_rise, it becomes minus two. Tz-j sddiu4_ this "-2" to +3,

using end-around carry. (Count around the _heel treating +0 and -0 as

one point.) The result is +i.

It will be found that the follo_ring designations can be assigned:

"-3" I00

"+S"

"+2"

010

011

f
lO1

"+l"

001

II0

000 "+0"



!

These definitions permit subtraction, if _¢e limit ourselves to a system

of Just the numbers O,1,2,S. Iu effect _ have made the leftmost bit

represent the si_ of the number. If it is a "l"_, the number is prest_ned

to be negative, and is counted dovn from minus zero (lll), instead of

up from plus zero (000).

Notice in the diagram that -2(lO1) has l's _ere +2(010) has O's,

and vice versa. The process of replacing l's _ith O's and O's vith l's

is called comple.m_ntiug, and in a 3=bit system, lO1 is the complement

of O10. So, to encode a _ number, _ complement the corresponding

positive binary number.

Returning no_ to LINC's 12-bit numbers, we restrict ourselves to

numerical use of ii bits. To code a negative number, _ comPlement it.

Here, too, complementing turns out to be equivalent to counting down

from -0. Since the binary magnitude of numbers _ill have a zero in the

!eftmost bit, complementing 1_nders bit i! a one. This bit is therefore

a _ indicator, and LXNC can "find out" _hether a munber is positive

or negative simply by testing it. If the ll_bit is O, the number is

positive; if i, it is negative. Furthermore, if _ never tNy to give

numerical significance to the sign bit, _e can subtract numbers by adding

their qompienmnt_ using end-around carry.
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Decimal Binary Octal

1978 Oll llO lll 010
-1568 -011 000 I00 010
%i5

011 ii0 iii 010

Add complement of i00 Iii 011 I01
subtrahend: --

carry[1)O00.__llO OlO IllEnd-around
1

000 ii0 011 000

3672

-3042

3672

4735

0630

Notice that in octal, _e my fom a complement by subtracting

each digit of the number to be complemeuted from _. Then3 by using

end-around carry, _ get the same result as we did In binary.

Counting now is rather odd if one exceeds the allo_d eleven numerical

bits. For, the uext number after 011 lll lll lll, (37778) , the largest

positive number, is lO0 000 000 000, the biggest (in magnitude) negative

n._uber (40008 --37778).
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DIVISION

The last and perhaps most confusing operation is long division.

Division is the process of finding out how many times the divisor is

contained in the dividend. At bottom, therefore, it is an elaborate

method of subtracting and countir_, although the familiar procedures tend

to obscure this.

For examplej in the simple division 2/_, we all know the quotient

is 4 and the remainder is i. But if we didn't know that, l_ could

find by subtracting 2 repeatedly, counting the number of -times we were

I

successful, l_en, after such a series, the result turns up negative,

_ know _a_ have subtracted once too often. The correct remainder is then

recovered by adding back the divisor once, and the correct quotient is

one less than the total number of subtractions we have executed.

Let us illustrate this with another very simple example, 3_f_:

O_perations Count

ll 1

5 3

-3
2 4

-1 5 Negative result,

+3
2 5-1 = 4

[Quotient _ , remainder 2 i

so add back the

divisor.
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This obviously is impractical for large quotients, and so the familiar

long division uses a very important shortcut.

Consider this example:
142

28F979
28

i17
112

99

3

In the first step, _ actually divide not by 28, but by 2800.

To obtain the rig_it answer for this problem, that result is automatically

multiplied by lO0 _leu it is put in the third column from right iu the

answer. That is, the "l" in the quotient represents ( 2_x lo0)X 100.

The remainder obtained is really 1179. In the second set of steps

1179 is divided by 28 x lOl, and the result, 4, is multiplied by l01

_hen it is put in the second quotient column. Finally, 59 is divided

by 28 x l0O, and the result, 2, is multiplied by 1 and placed iu the right-

most column to give the aus_r 142.
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The same "shortcut" of taking out the divisor "a hundred at a time"

can be used in the subtraction method too, as follows:

Operat ion Comment s Count Quotient

-3979
-2800

1179
_2800
-921
+2_0
1179
- 280

f
-28o..../

59
-2_

+ 2_
59

- 28
3z
28

3
- 28
- 25
+ 28

+ 3

Divide by 28 x i00

1

Negative, so add back 2
the divisor

2-I = 1

Now use 28 x i0 as

divisor

Positive remainder,

so keep going.

Negative, so add back

the divisor again.
T_is count is the 10's

digit of the quotient.
Now use 28 x 1 as divisor

Positive, so keep going

Negative - back up

1

2

3

1 x i00

9-1 = 4 4x i0

1

2

3-i=2 2xl

The final quotient is i00 + 40 + 2 = 142, and the final remainder is 3.

Of course, the process of multiplying the divisor by various polders

of ten is customarily accomplished purely by shifting it along beneath

the dividend, and the zeros have been filled in here purely for clarity.

Notice that, if we _rished, we could shift the dividend left instead

of shifting the divisor right. Their positions relative to each other

_rill be unchanged and if we don't get our quotient score®keeping mixed up,
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the result _ill be exactly the same. %_lis is convenient in n finite

number system like LINC's, _ere shifting a number may mean discardir_

digits. It is then clearly better to discard higher-order current remainder

bits, which are 0 anylmy when they fall due for shiftin_ "off into space."

We trill not attempt to do binary division _ith complemented numbers.

If either the divisor or the dividend is negative, i_ trill re-complement

it before dividing, and remember the sign.

As an illustration, let us find the quotient of t_;o 6-bit binary

fractions. As usual, the left-most bit is the sign; and ,_e assume also

that the binary point lies directly to its right. With the binary points

of both divisor and dividend in the same place, this is completely

equivalent to dividing a pair of integers. Ho_;ever, use of the left-
...

most bit as sign._bit requires that the divisor be greater than the

dividend. For, if the quotient came out equal to or greater than l,

it _uld then be interpreted as a negative number, and this clearly _ould

be _rong, since as _ have already said, both the divisor and the dividend

_lll always be positive.



-If- --

l.!OvOl

0.i0100
= ?

First, we note that the numerator is negative, so we _Ast complement

it, and remember to complement the quotient we get when we are all done.

So we have O.lOlO0/O.OlliO

D

First subtraction:

(by adding comple-

ment of divisor)

add back:

Shift remainder

left one:

Subtract:

Shift remainder

left one:

Subtract:

Shift:

Subtract:

Shift:

Subtract:

Shift:

Subtract:

001110

i01011

iii001

+010100
bol o

OlllO0

lOlOll

001000

010000

i01011

iii011

i00000

i01011

001100

01i000

i01011

O00100

001000

i01011

ii0011
010100

bOlO00

etc.

Negative: Record 0 in quotientz
add back divisor-/ (This was

expected, since the first quo-
tient digit is a sign bit.)

Positive - record 1 in quotient,
continue.

Negative - add back divisor,

record 0 in quotient.
-- \

Positive - record i in quotient,
continue.

Positive - record I, continue.

Negative - record O, add back.

Quotient: 0.i0110

I
O.lOllO

,, |
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The first 6 bits of the quotient are therefore 0.i0110.

Complementing, the final result is 1.10001
= 1.OlOO1

O. lOlO0

The reader may verify that in decimal this would read -.4375
= -.TO0,

and that the binary equivalent of °700 is O.lOllOOll ......

Now, there is one possible "shortcut" peculiar to binary. We have

seen that when subtracting of the divisor gives a negative result, the

divisor must be added back before shifting and subtracting again. In

binary, upon getting a negative result, we can shift first and the___nnadd

the divisor. 1 However, when we shift before restoring, we are working

with a complement, and cannot discard bits shifted "off the left end."

In order to ms/_e the end-around carry come out right, it is necessary

to bring the shifted bits around to the right and fill them in there°

In LINC, this is called rotation to distinguish it from ordin_j shifting.

We are shifting the remainder left, which multiplies it by two. So,

if R is the number from which we just subtracted, and D is the divisor,

the negative result is (R-D). It is obvious that

2[(R-D)+ = 2(R-D)+ D.
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Here is the same example, using the "shortcut":

O.lOlO0/O.OlllO

Subtract:

rotate:

add:

rotate:

subtract:

rotate:

add:

rotate:

subtract:

rotate:

s_htract:

rotate:

add:

O01110

1OlOll

iii001

llOOll

010100

OOlO00

010000

lOlOll

lllOll

ii0ili

010100

OOllO0

011000

i01011

000100

001000

lO!Oll

ii00!i

lOOlll

OlOlO0

iii011

etc.

Negative: Record 0 in quotient,

rotate left one place.

Positive: record 1 in quotient,

continue.

(Notive that rotating a positive number

left one place is indistinguishable

from shiftin$ it left one place)

Negative: so record O, rotate, add.

Positive: record l, continue.

P(sitive: record i, continue.

_[egative: record_O, continue .....
I

Quotient: 0.i0110



POSITIVE PO_._S

2 o

21

22

23

2 _

25

26

29

2lo

211

212

213

215

PO_'[ERSOF TWO AND EIGI_

8o

2 x8 0

4 x 80

81

2 x 81

2x 82

hx 82

83

2x83

8_

_x 83

2x8 $

_x8 _

85

DECIMAL EQUIVALENTS

1

2

4

8

16

32

6_

:].28

256

512

i,024

2,048

h,096

8,192

16,38_

32,768



NEGATIVE POWERS

2o

2-1

2-2

2-7

2-9

2-10

2-11

2-12

POWERS OF TWO AND EIGHT

8o

2x8 -I

8_ I

2x8 -2

8-2

8-3

8-4

&x8-5

2x8"5

DECI_ EQUIVALENTS

1.O

.5

.25

.125

•o625

.03125

.015625

.0078125

.00390625

.001953125

.0009765625

.000_8828125

.0002_140625

.0001220703125

.00006103515625

2-15 8-5 .0oo030517578125



k ,

0

1

2

3

4

5

6

7

OCTAL ADDITION

0 1 2 3 h 5 6 7

0 l 2 3 4 5 6 7

1 2 3 h 5 6 7 I0

2 3 _ 5 6 7 i0 ii

3 4 5 6 7 I0 ii 12

h 5 6 7 i0 ii 12 13

5 6 7 i0 ii 12 13 14

6 7 i0 Ii ]2 13 14 15

7 i0 ii 12 13 lh 15 16

0

i

2

3

4

5

6

7

0

0

0

0

0

0

0

0

0

OCTAL MULTIPLICATION

1 2 3 _ 5 6 7

0 0 0 O 0 0 0

1 2 3 h 5 6 7

2 h 6 _ I0 12 14 16

3 6 ii 14 17 22 25

lO 14 20 2_ 30 3_

5 12 17 e4 31 36 43

6 i_ 22 30 36 h4 52

7 16 25 34 h3 52 61
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II. SHIFT _LA_S fNSTRUCTIONS

ROL i n 240 - 20i _ n 16 _sec _ ROL

ROTATE LEFT. _f i = (), shifg contents of the Accumulator n places to th_

left (n = 0, 13 ._o, 17 octal)_ with bii ii feeding bit, 0, !I' i _, I_ shift.

the Lin_ _ Accumula±or combination n pisces to <he left, _ith bit ii feedin_

the Link bit and the LJ_nk bit, feeding bit O..

Time of e_ecution: 16 #sec for n ---0, I, 2, ._; _ _sec additiona] for each

additional 4 _laces or fraction t.hereof.

ROR i n 300 _ 20i _ n 16 _sec _- ROR

ROTATE RIG_I;. _f i = O, shift contents of the Accumulator n places to the

right (n = O. I, .-., ].7 octal), with bit 0 feeding bit ii. If i = l_

sh_.ft the Lnk - Accumulator combination n places to Lhe right, with bib 0

feed'ng the Link bit and the Link bit feeding bit II.

Time of execution: 16 ILsec for n O, i_ 2_ 3; '_o _sec additional for each

additional # places or fraction thereof.

SCR i n j40 _ 2Oi -_ n 16 _sec + SCR

SCALE RIGHT. If i = O; shifl, the contents of the Accumulator n places to

_h_ z-;:_bt (_, _-O, I, •• I_}.......u_.-__,,i.._-i_h bit .L_i......sign _-_",;_,_,uncnan_cd" "..... _.- , #

and bits _NJfted out of bit 0 lost. If i = i, shift the Accumulator as

above; the last bit shifted out of bit 0 _ill be saved in the Link bit.

Time of execu%ion; 16 _sec for n = 0, i, 2_ J; 8 _s_e additional for each

additional 4 places or fraction thereof.



• .)

_'__ L_'_"J_,_- ,_'_',_'-!__.,._=,_ {._J_.3-/ _'.":.iq:iU2' ] ...... _'

ADO X 200<, _- X ].6 ;z_e_:: ADD

ADD. A,_.d _:h_ c_o.n_,:_._, of _._n_:,r[y ,_'e,_i_t,_,_ _.;_" _i !0 _.. X -_ If: _ ,,e tn_ c(-nt.÷n_

'>f the Accum_.d._:or, leavlng i.he ce_ul_ in the Ace_um1!ator, C(Xi + <(ACL)' ._

C(ACC.i_ u,<Jng /_=bjt. binary additJ,m _i_.h end_ around- carry, Negister X is

i 5'._'ORE=(_LEA[i. Cooy _.he content_ of the ._ecumulmtor _rd:_,"u_mory z'er_L_;_r

I_X(O < K < i'_7"{'_,_,and then clear the Accumulator, [:{ACC) , Ci.X,, 0 _ C{AC'C}

II_P X 6000 _ X 16 ,_,_c'_ _M?

J_._4P, T_e the next. inst_-uction from m_mory r_g_i.,_t.__r .K (0 < Y. <: 1"[77_ and

continue to exeeu%,_ in_:L_zctionm in .._,equenc_.L_avt!_ ,_zil;.,11r',-'.g]:_t_C )[.

qh_ add_e,_. _ replaces _,h_ c,)n_enm_ oT t.he P_-o_rsm !"oun_r and_ unie_._

X -- O, %he original contents of the Prograu_ Cou_,t_:r i_'_cr6ar,ed by ± _nd pre--

fixed by the code for -MP replace the conten_.s _'_.._re÷mary rPgi,_.r O-

if C(PC) _ p, then _ -_ C(PC) and _ p*].-..---C'_[OI;unless _ _,C., if X _ O,

th_n (, _ ¢(FC),

L,_x_cution t,i_e; For X _ Ot 8 _&.=.c; ....... , ..> ...........



JV. ]tSDEX CLADS fNSTRUC'I_<(¢3

TABLE i ADDRESS'_'NG IN JNDEX CL_S iNSTRUCT/.,No

0

0

x(p , l)

p* 1

t _ec

16

8

16

Uomment

16

The time t _sec must be added to the execution time to get the total

instruction tff:ne. Y is the address of the registe r which holds the operand

[u_ed by the instruction. The instr_[ction is assigned to be in register p.

LDA i _ 1000 _" _O _ + _ {8 _ t). _sec _

LOAD ACCUMULATOR. Copy the contents of memory regist@r X (*see Table I)

lnt;_ the Aecumulator.__C_Y' -,C____(ACCJ___Re_!_ter Y is unclja_.d.

[- "---I

I sTor_ ACCUMU/.ATOR. Copy:h: contents of the Accumu!ator in_.o [aemory re

L8 "_ t)___sec* ADAI

ADD TO ACCt_K_ATOR. Add the contents of memory reg:,ster Y (_see Table I)

to the contents of the Accumu!ator_ leaving the resul[ in the Accumulator

C(_) * C(A(TC) _ C_ACC), using 12_bit binary addition #ith end-around _

. ea_,.. Register Y is unchanged.

A_M i _ 1140 _-20i -_ [_ (16 * t) ,_sec* AD_

ADD qO MEM'-_RY. Add tho content._ of memo_j register Y ( _see Table 1) i o

the contents of the Accumu!ator_ leaving the result in th_ Accumulator _nd

in register _ C_Y) * C(ACCI _ C(ACC) and -_C(t), using 12-bii bina_'y

_addition w_th end_around=carry.



LAMi _ 1200 _ 20i _ 0 (!6 + "_) _sec_ LAM

LINK-ADDTOM_¢RY. First add the content_ of th6 Link bi_ (th_ in_eger 0

or' I) to tile contents of the Accumulator leaving the sumin the Accumulator,

using 1-2_bi%binary addition _ith th_ end.carry_ if any_ r_p[_cin4_ T,he

conZ_nt$ of 5he Link bit; (if no end_carry arise_, clear the LinN blt.i.

Next add the contents of registei- Y (_see qable l) to the contents of the

Accumulator with the end:carry_ if any, replacing, the contents of the Link

bit (if no end_carry arises, the Link bit is unchanged)_ leaw[ng the 12obit

renault in the Accumulator and in register Y_

!

MULTIPLY. MliLtiply the contents of register Y (_see Table i j by the content_
i

of the Accumulator. and leave the result in the Acc_mulator. The values in |
i

Y and in the Accumu]ntor are treated as signed. ]_i-bit, ones' complement

numbers, and are multiplied to,tether to form a 22_bit product. They nay be

interpreted as either fractions or integers: if bit I]. {the h-bit! of the

ado]tess Y is a one, they are treated as fractions _ose binary points are

bet,.men bit li ,_the sign bit) and bit I0. In this case the most significant

ii bits of the 22-bit product are ].eft %_ith the proper sign in t]_.eAccumula_

tot. If bit ]._,of the address [ ks a zero, _he values are treated ns inte-

gers, and t]_e least significant !]. bit_ of _,]le22_bit produc_ ere ).eft _r'±th

the proper _ign in the Acet_uulator. %'_len i _ i and _ = 0_ b_t ].] of the

address Y is ass_mled to be zero_ and the va; ues are treated as integers.

Register Y Js unchanged. The sign of the ]_roduct is left in the Link bit.

SAE i _ ihhO _ 20i _ _ ($ _ t; _sec* SAE

SKIP IF ACCUMIfLATOR EQUALS. if the contents of tile AccumulaZor exactly

match the conr.ents of memory register _" (*se_ Table I) then ._kip ths next

instruction _actualiy_ skip the first r_gist_r of the next .tn._truct ion).

Othemrise, go on to the next instruction in sequence. C(ACC) and C(Y)

ar_ uneha_ged in eitlmr case.



¸.6-¸

SKIP A_rD ROTATE. if the rightmost b_t of the contents of memory register Y]

see _able i) is a zero, then skip the ne_#, instruction (actually, skip the I

first register of the next instruction). 0ti_er_ise_ go on to the new

instruction in sequence. _n either case, rotate the contents of register

one place to the right and replace in register _. The Accumulator is

unaffected.

BCL i ,_, 1540 • 20i _ _ (8 _ t) _sec _ BCL

BIT C!,FJ_R. For each bit of the conteots of register Y (4see Table I)

_.flKeh is a one, clear the correspoading bit of the contents of the Accumula_

tot. Regisr_er _ and othey bits in t,he Accumulator are unaffected.

BSE i p, 1600 * 20i _ B {C + t) gsec -_ BSE

|

BIT' SET'. For each bit of the contents of regzs_er Y (,-'seeTable i) " _

is a one, set to one the corresponding bit. of the contents of the Aecumula-• tot, Register Y and oiher bi'_s in the Accumulator ar__ unaffect_-d.

BCO i ,_ 1640 _.20i + ._ (8 _ t) tlsec* BC0

which is a one., complement the correaponding bit of the convents of the

Accumulator, Re_i_ter g and other bits in the Accumulator are unaffected,



DSC[ {_ 174') + 20L[ ¢ _ (i12 • t) _,sec+ DSC

DISPL%Y CHARACTEB. Display, in a 2 x 6 grid, the pattern contained in reg_

ister Y (_see Table !). The eon_-_nt_ of register Y are ._.xamin_d From right

_o left beginning wi_h bit zero, and @or 6aeh bit found to be a on- a point

i_ di,%plsyed. _]_ initial x:coordinate will be th_ conTent_, of regJst__r i,

pl%/_ _; the display channel is _elected by the leFtmost bit of register i

The Init_al Y_eoordinate will be the contents of the Accumulator with the

rightmo_t 5 bits (bits O-_h) set to zero by the computer. The initial coot:

dlnste_ specify the lower left position of the display; the computer proce_d_

from lower left to upper right. For each bit of register Y _hJch i_ exa=

mined: -4 is added to the Y..coordina_e in the Acctunula[.or. _len the righ_

6 bits of regis_*er g have been examinedj the right 5 b-_ts of *D_. Accumulator

are resel _.o zero and +h is added Lo the x-coordinate in register I. The

procedure i.< then r_peated for the left 6 bit._ of _gister f. Ai the con-

clusion of the inst_/ctJon the cont_n±,s of register i hav_- been incremented

by IO (octal), and the right 5 bits of the Accumulator are left equal t_

_O (oc_ai). Register Y is unchanged.

Numbers 0 - II

designate

scope place-
ment of corres=

ponding bits

in the pattern

word,

_5

2

I Y + 3o8

ii y + 2h 8

i0. y + 208

9' y ÷ 148

8_ y + l08

final y-coordinate (ACC 0 4 ) = 30_

1 7 y + h

x + 108

Initial x- Final x-coordinate

coordinate in register 1

in regis-
ter 1

initial y-coordinate (ACCo_h) = 0



[L_LI-d0RDCLASSk_S,:tiuC.{_ONS

1

0

0

_4w=;7

ADDRESSING rN HALF-WORD ClaSS SNSTRUCI]ONS

p 4 1

• - %_(_;

h I t J_sec Comment

h{p > l) i i6 :f I:=0,o_rand i= LH(X)
If h.]_ operand i_ _H(X)

0 [ 8 Operand i._ al_mys LH(p....* I)

If n=l, operand is RH.X)

] If h=O_ operand is LH(X-I}

lq[_B) l 16 l" h=l_ operand is ibm(X)

I h, j, x ._ h -_ c(_)

The time t _Lsee mt_t be added %0 the execution time to get the total instruc-

tion time. Y is the address of the register holding the operand in the half

designated by h. (h -_ I: right half; b. -- O: lef_ ]lair}. The !nstruction

is assumed to be in register p.

i DH i _ 1500 * 20i _ _ (8 * t) nsec • LDH

I OAD IIALF. Copy the contents of the designated half of register Y (_see

I able I_) into the right half of the Accumulator, clearing the left half of

[ the _ccumu]ator. Regi_tex" Y i_ unchar:c_ed_

STH i _ !340 _ 20i + 8 (8 * t) _sec _ STH

STORE ]igLF. Copy the contents of the right half of the Accumulator into the

designated half of register Y (_see Table II). _:e Accumulator and the

_unus_ed half of register Y are unchanged.

SHD i _ 1400 _ 20i _ B (8 + t) ;_sec_ SHD

SKiP IF HALF DIFFERS. If the contents of the right half of the Accumulator

•differ from the contents of the designated half of register Y (*see Table _I]

then skip the next instruction (ae_ually, _kip _he fir._t register of the next

instruction). 0therwi_e_ go on to the next: instruction in sequencs, C(ACC)

and C(_) are unchanged irl either c_e,



TABLE_':_. A.DDRESS!_JG f_ SET !NSTR,_J'jL'.{O_'_ ]J
J i 1........ i_...... i....... =:_........ _--' ......... 2 '--_
I • [ 7, /Lace i

i .......... J,..........J ..........................................i....
l 0 i o < n <<-'7 i X{o _ ,_ Y 1

..... i '_ [ l

SE_' i n 40 _ 20i :; U .............................. _ _ usec SET

S_T. Set register n e,_u.%] to the co_t,ents of r_gister _ (_see Table ]][I]_ I

' _ak,: t:_e next ins% ruction t
The /_ccu/m;,lator and r_gi,_l,er Y are ttttLchanged, _.... _ [

from p -_2. ]

O _£,ec

SA_ i n i00 , 20i _ a 2lL _6ec SAM

S;_[PLE. Sample the sign::_l on one of 16 input channels selected b_- n. Put

its binary converaio% _7'7 into the Accumulator, extendin<z t]_e sJg[_ through]

bil, ii. 0 < n < 7 selects one of tile potentiometer,,_.; !0 < n < 17 selects

one, of the hJ_h speed inputs, 7f i - 0_ the instruction _equir_s '2_ _see.

_f i _';I_ the computer goes on to the _]ext instl_Iction a_ter (_ ,_sec_ the

conversion proces_ in tile Accu/nulaZor continue._: ho<¢ever; for an odd.[_,Jonal

l_'__sec. _91erefore; care should be %8/<e[_ _¢hen instruetions which affect

I_0 _ 20i + n 52 _ec OrS

i, index the address part of' register n {n -When i ,. 0,]; .... ,

i 17 octal) by i. Disp]ay one point _£nose x-coocdina_e J s specified by the
wnos_ M-ceordinate_ ÷377.>_ y_...377 (octal•'ightmost 9 bits of' regls:cer n, and _

is specified by the contents o£ the Accumulator. Display via the channel

selected by the leftmost bit of _gister n. The Accumulator remain_

unchanged,
......................... ,...... o .......

X3K i n 200 + 20i * n 16 ;2see XSK

Y.NDEX AND SKIP. .If i - i, incremen_ the address pa_t of register n by ].

Ski_ tile De;<t jr:! _C-)]r i _ O_ do not index register n. In either cn_e; ,. ......

t:ion (actually the first register of t,he nex_ instruction) .if the addre_

pai_c Of regist, er n eqttais i777. if Lt doe.., qot eqtt_71 7,7zv_,; _; iSc to _,.,,,.h'_..:_xt,

.n_ Accumulator 7s u:Jehaaged,instmmtion in sequence, m_ "



• ._.°

OPP i n _00 _ 20i _-n 16 _sec* OFB

OPERATE. [_he _?_0eraLe instructioo _s a multi_.purpose input_ow_put instruc=

_ion which im u_:,edr,o-

i) transfer infor_zation from tile LINe keyboard and the control console

toggle swjtchas !Right Switches and L_ft Switches) to the LINe Acc_mula-

tor,

2) cent :el the transfer of digizal information between the LINe and ert,er-

nal digital devic_._.

_) pro ride pui_es _nich n_y o_ us_ cx_rna!!y to synchroniz_ or control

sp_.zial eqttipment.

Toggle ._witch Input.

RSW. RTC_HT SWITCHES. _len n = 16, the contents of the Right S_ritches re-

place the contents of the AccL_nulator.

LSW. L_T SWITCHES. _,;henn = 17, the contents of the Left Switches

replace the contents of the ,_ccumul=tor.

In then,._ cases the i-bit has no effect. *Time of Execution: 16 _sec.

Pausing,, For 0 <, n _< 15 the i-bit provides a timing control Generally used

to ....... "- .__jncnion1_e the IJNY _,wi_h exLernal ....."_'. .....(,__i _. :_ _D1_n _ 1 the comptr_ er

will p.:_use. It _ill remain in an inactive state until it r_ceives a

"resi[rt_" signal (_3 volt_) fro_ the external equipment Th_e n_bits

_0 _ _ < ]5} of e_ instruction designate _,_e e._a., leve_ imDut i_ne to

be used for restart. _f i :_ O, or if the restart signal is already present

on line n, the computer _dll not pause. _.n this case it is assumed that the

external eqt[ipment is ready for restart at the time the compute_ would

norma [ly pause.

Keyb_____0alx_.Input

KBD. KEYBOARD. l_hen n = 15_ the Accumulator is cleared and the 6_bit code

number for a struck key J5 _.zansf_rr£d into the right half of the Accumula_

_or; the k_y is rel,_.as_d_ [fl i - I, the computer _,nits for n key to be

slruck; if i - O_ or if a key was previously struck, the computer does not

_air.. %_]en a key is strucK_ _he keyboard locks until a I(BD instruction

is executed. *T_me of Ex*cn_on: 16 ;_s,_c _hen no pause.

Puls__e Oqz.put. During the e×ecu%ion of an_,OPI_ instruction; four p,_ise_ of

"3 volts are available to exLernal equipment. The first off these is a

long pu!_e _._ich appears _ _isee after _h__ beginning of the instruction on

one of 16 pulse output line6 provided at th_ LINC_s Data Terminal Box. The

Ot_tput line _s, designazed by n _0 < n < 17); minimum d_ratJ.on of this pulse

is 12 _s,,_co _fl the computer pauses_ the pulse duration is e_tend_d by t]:?:_

length off the- pause.



OPP

The other _ pulses _ach .a msec duration, are associated with pa_u_e and

res%ar*. On_ is delivered to external equipment a_ pause time if_ and only

if', _he computer actually pauses. Tqle second occurs at th_ time when the

complrcer would normally resume operation after a pause, r_gardles,_ of whether

the ,computer has actually paused or not. Tf the computer has paused, the

pulse, _hich indicates that the computer is now running, will appear not

less than 2 _sec and not more than h _sec after the restart signal ha._

been delivered by the external equipment. If the computer has not paused,

this pulse _¢:[i1appear 2 _s_c af_ paul= time. qhe third pulse appears

2 usec later.

Disital Input-0utput. Tile 01_ instruction may be used to transfer i2-bit

digital information bet_en th_ LINe and e.._ternal devices_ The user may

choose zo transfer one _ord, into the LINC Accumula_.or each time the OPR

instruction is executed, or he may use the instruction to transfer a glDup

of _ords between the L_NC memory and his external device. Xn this context

the pause feature and the LINe's output pulses wou]d be used to synchronize

external equipment with the computer.

.D_igital Inv._t to Accumulator. There are four i2_bit channels available for

single.word input to the LINe Accumulator. Two, SN and TN_ provide direct

input to the Accumulator, and t_o, UN and VN, provide input via th_ B

Register to the Accumulator. One _;ord is transferred each time the

Operate instlu_ction is executed. _@:en information is ready to be transferred,

the external equipment must supply an enabling level for the appropriate

clmnnel (SNEL, TNEL, UNEL, or VNEL), follo_d, if the computer is Imaused,

by the restart signal on line n. After restart., if the transfer is into

the Accumulator via SN or TN, the Accumulator _rill be cleared automatically

before the transfer tahes place. Tcansfers into B via UN or VN are ORed

(exclusive OR, partial add) _ith Zhe contents of the Accumulator, and the

result is left in the Accumulator. The Accumulator will not be cleared

before UN and VN transfers unless a special clear enabli1_ level (filL)

is supplied along with the appropriate channel enabling level (UNEL or VNEL)

befor£ restart. *Time of Execution: 16 _sec. _yhen no pause.

i

!
!

i



Digital Inl0ut to Memory. Informe_ic, n may be transferred from external

equipment to the LINC memory via ON or VN. Infor_nation, transferred one

word at a time, :is stored Jn constitutive locations in the L[NC memory,

The number of _o_-ds transfe_'-ced each time the OPR _nstruction is executed

i8 controlled by tile external dev._ee. The computer will pal_e and transfer

Informat,_on repeatedly, until the exte.-nal device indicates that no more

trsnsfer_ are to be made. Transfers are handled in the following _¢ay:

the f_rst word transferred must be a beginning address for storing subse_

quent transfers_ This is transmitted over UN or VN, and the appropriate

channel enabling level must be s_pplied (UNEL or VNEL). In addition, a

begin transfer level (BEGT) and a l_emory input level (MINP) must be

presented to the computer before restarT., After re_tart_ the computer

transfers the wo'rd over UN or VN to the B register and to the memory

addreso register. The Accumulator i8 cleared automatically, and the com_

purer prepares to store subsequent transfers in the memory_ _e compur, er

then pauses.

$_en the external device is read}, with the fir$_ word of information,

it must present enabling levels UNEL or V_YEL and MINP before restart,

The clear enabl_ng level {CLEL) may be pre_ent. The beg_n transfer level

(BEGT) may not be present ^ ........ *' -. nfu_r l_.=_a±t u_l_ word is transferred he tile

B register over UN or VN, and stored in the LINC memory at the location

_pecified by the memory address register. It is also OBed (exclusive OR,

partial add) with the contents of the Accumulator and the result is left

in the Accumulator. (The Accumulator will not have been cleared unless

CLEL was pre_ent) The contents of the memory address register are

incremented by one in preparation for the next transfer, and the computer

again pauses. The process is repeated as described above, until the last

word is ready to be transferred. This time the external device presents

only the channel enabling level (UNEL or VNEL) and the restart signal°

MI_fP may no___tbe presenT.. After restart the computer completes the last

transfer, and goes to p + 1 for the next instruction. The partial sum

of all words transferred to the memory is left in the Accumulator.

*Time of Execution: 16 _see. plus 8 _sec. for each word input to memory,

exclusive of pauses.
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External Chltput _'rom Memory. Information may be b lans_erred from the

L[NC memory to an external device directly from the B register. The

opers%ion is similar to memory input., except that a memory output level,

_40UT, is presented instead of M!NP. A beginning address must be supplied

over [IN or VN along with BEG? and MOUT, as described above; after restart

the beginning address is transferred to the memory address register and

the contents of the word at that location replace the contents of the

B register. The computer then pauses. The external device completes

the transfer flx_m the B register. _is time the MOTET level must be present

before restart. CLEL is optional_ and BEGT, UNEL, and VNEL may no___tbe

present. After restart the contents of the B register are ORed (exclusive

or_ partial add) with the contents of the Accumulator, and the result is

left in the Acctunulator. The contents of the memory sddress register are

incremented by one, the next word in the memory replaces the contents of

the B register, and the computer pauses. The process continues until the

MOUT level is removed. The partial sum of all words transferred from the

memory is left in the Accumulator, and the computer goes to p $ 1 for the

next instruction. The memory is left unchanged. *Time of Execution;

16 _see. plus 8 _sec. for each word output_ exci_,_s_ve of pauses°
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VII. S_flP CLASS INSTROCiliIONS

In these instructions the i=bit can 0e used to reverse the skip decision;

that is s when i .-0 _he computsr will skip the next instruction {actually,

th_ first register of _-he n*xt inst1_ction) only when the _pecified condatiou

is met_ However, when i _ I, _lle computer will skip only _hen the. condition

i._not met; otherwi._e it will go on 50 _he new instruction in sequence.

The four 6i_untion6 _hich may arise are sun_nnriz£d in the followin 6 table in

_hich p _ k, k _ 1 or 2_ ffs the location of the next instl_tction.

TABLE IV. BRANCHING IN SIfI_ CLASS INSTRUCTIONS

i condition k p • k

met _.p_2.

met i

1 met i p _ i

I met

SNS i n _0 ".20i + n $ #see SNS

SENSE SWI_CH. Check to see if Sense S_tch n [n = 0_i,..., 5 octal) on the

control console is up (set to one), and go to p _ k (see _able fV) for the

next instruction.

AZE i _90 + 20i oo asec AZE

ACCI_4UI_TOR v_R0. Check to see if the contents of the Acclnuulator equal

positive or negative zero (all zeros or all ones) and go to p + k [see

Table IV) for tile next instruction. C(ACC) al_e unchanged.

APO i 45]. + 20i ot_ _sec APO

ACCL_4UI_%TOR POSITIVE. (_eck to see if the sign bit (bit ii) of the Accumu-

lator is positive (zero) and go to p • k (see Table IV) for tile new

instruction. C{ACC) are unchanged.

E i &92 _ 20i $ #see LZE I

Ll[_( ZERO. Cheek to see if the Link bi_ is zero and go to p • "_ ,,see Table

L IV) for the next instruction. C(ACC_ and the Link bit are unchanged.



_BZ i _55 _ 20i O l_sec IBZ

_NTER BI/_K ZOh_. Check to see _hether e_ther tape Js _n an In_er Block

Zon_ and go to p _ k (see Table IV) for the ne×t instruction_ A tape mus¢

be moving a_d up to spe_d for thi_ condition to be met, Th_ t.ap*'_ ar_:

u nsff_cted.

SKIP CN Ek_ERNAL LEVEL. Check to see if external level n (n - J,l,..._

| 14 octal) is present and go to p _ k (see Table IV} for the ne_ instruction.

KEY STRUCK. Check to _ee if a k_y ha,_ been s%ruck ou the Ke:,board and go I

to p ÷ k (see Table _:V) for the next instruction. "_he Keyboard is unaffected._



i : Motion Control

i -- 0 Tape stop_

i - 1 Tape moves

u : Unit Select

tl

U -- 0 Unit 9_9

P

u = 1 Unit 9/i

QN; Quarter N_rabe r

MAGN]_[C TAPE [NSTRUt_ION 3']M_Vd_"

MT_.' i u ! ;lOu

0<Q_<7

%N

0

1

Memor_ Registers

o -- 377

400 _ 777

2 1000 1377

3 , 1400 1777

200o -, 2377

9 2400 , 2777

6 3000 3377

7 3_)00 - 3777

BN: Block Number 0 <t BN < 777 (octal)

1 Tape -- 512 (d_cimal) Blocks

1 Block "-- 296 (decimal) words

1 Word = 12 (decimal) Bit._

Data Sum = two's complement sum of 296 Word_ in Block

Check Sum = Dn_a Sum-

Check StLm * Data S_m _ qi'ransfer Check

To Check: Transfer _eck ....0
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"_" 7r_o * 20i _ lOa i_[_BL.. iu ,.-

READ AND CI_CI<. The specified Block is r_ad ffnt,o th,- specifi#d N_-mory

Quarter and the transf,er i_ check_rd, Ii" i_ doe_ not check_ th,,_ 151oc1_ i_

read and ch_cked again. If ii- check:s, -0 i_ ?.eft in l:h_ Acc,_nulat,)r and

±h# computer goe:_ to p _* 2 for the n_.xt ins__z_tc_ion, qq1_ Jnfornmtion on

th_ tape i__._un_chang_d.

RCG i u 701 * 20i * iCu RC6

I READ AND CIDECK GRO[IP. Consecutive _locks are read into consecutive Memc,ry

Quart er_, and the transfer_ a_e eh@ck_d, The- BN bit,_ in p 4 ! specify the

initial Block; bit,_ 0_2 in p _ I specify the initiai l._e_loryQIt_ITeF, Bitr-

9o-11 in p _ 1 tthe QN bJt_) specify the number of addffLional }"lock_ to

read after zhe initial Block. Thaz is, C(bii-s 9_I].) _ i equal the total

number of Block& to read. If a Block does not c.heck_ it is read and

checked again. _'_en all Blocks have been read and checked, =0 Js left in

th_ Accumuiator_ and the compuLer goes to p * 2 for tDe n_xt i.nstruc_ion.

The information on the tape is unchanged.

I"_DE i U 702 _ 20i _ !Cu RDE

RF_D TAPE. The specified Block from the tape is read into the specified

Nemory Qusrt...er_±he Transfer Check _,.'-form.,,edand ].eft in the Accumal-lior.

• hc computer goes to p ,.2 for i;he [,ext ins_xtc_io_, fhe infocwmtion on

.th___e_tape. is unchanged.

MT_B i u 703 * 20i _ itu

MOVE TOWARD BLOCK. The next Block Number, either fommrd or backward,

added to the BN bits [bits 0 _S) of p ,>I. (The QN bits are ignored. )

The result, is Left in t,he Accumulator. If i = I, the tape i& [eft _noving

toward the Block specified by p + 1. )if i ,a O, the _ape stops. The infor-

ma$ion on the tape and in memory is unchanged. The computer _,o,'_to p + 2

for the next instruction.
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LINC ASSEMBLY PRO(H_%M 3

LAP3

The foliowing is a description of L&FS, a _ymbolic conversio_ program

for the LINC _,ich uses the LINC keyboard for on_line input, and the

magnetic tapes for 2torage, _._rkiug area, and output_ Th.e scope_ is used

to provide readable mauu_crlpto

_e General _nformation

Ao C_eratiug Procedure

LAI_3 occupies Block_ 300 _ 527 of the tape, plus Blocks 330

and following for _orkiug area _ i_ee Chart _p_). The tape

must be on Unit O,

@ To operate, READ BLOCK BOO into QUARTER O. and start at O.

A _0001': will appear on the scope to indi_cs_t_tbst I_P3 I_

ready to accept keybo,-_rdi_put_ __ _ _he _*_._

re,tart procedure°

BQ

3. Lines of manuscript and meta commands are typed into the

computer via the keyboard° I_P3 displays on the scope the

information being typed, one line at, a time, as it is keyed ino

4o One quarter of the LINC memory is u_ed to collect manuscript°

As the quarter is filled, it is saved on _he tape beginning

in Block 336 of the working area_ it take_ approximately

].00 ._ll0 (octal) lines of mauuscrlpt to fill cue block°

Manuscript Lines

i. By "manuscript line" i_ meant a line cf program, a comment,

an origin, or an equality. A meta command i_ not a l_ne of

manuscript.

2o A manuscript llne ms_ynot e×ceed 1710 st_ick characters. Thi._-_

_.nclude_ _paces, case _h±_ts, and t:he terminator°
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3. Manuscript lines are al_¢ays terminated by strlk_ng the

"End of=Line" key, EOL. Lines which are too long are

automatically terminated _Ith an EeL by LAPS and called

to the attention of the typisto (See Error Detectlon.)

Manuscript Line Numbers

i. LAP3 asGlg_s a "line number" to every ll_e entered. The

numbering appears at the upper left of the IJne on the scope;

it is _equentlal, beginning with i, and octal.

2. The number "i" appear_ as the first line number when the

initial "_tart O" is executed. After that a new llne number

appears every time the EOL is struck in terminating a man-

uscrlpt line, and the computer _ait.s for the next l_ne to be

typed °

Deleting

i. Hitting the delete key, de!, :vi!! delete the current lineo

if there is no current line (i.e. if the computer is diBplaying

only a line number), the previous line will be deleted. In

either case, the line preceding the deleted line will appear

on the _ccpe..

Example: .q_nefol!o_ing :-e_,Pn...._i! annear o_ the

_cope one lane at a t i_e a_ it i_ typ_d:

OO02

00o3

O00b-

OOO3

O0Ok

o0o5

ooo3

00O2

AD:¢ 5 .... hit E:,!:_.......

S_C 5 --_hit F0!:....

0MP 56 -_-hit E)I_

STA

JMP 56

STC i0

_P 56

---hit _'del;" llne _ is deleted---

---line 3 reappears; type line h again ....

....hit E0i......

---next l_ne number' appears; hit _d.e]._'....

-=-line _ is deleted, line 3 reappears; hJ t.....de--._-

-_-]ine 5 is deleted., !ine 2 rea:ppea.rB;c,m, i.nu-:
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2. Whatever is "deleted" is permanently deleted from the

manuscript. Whatever is displayed on the scope is the most

recent line recorded. In the example above, only lines 1

and 2 are still part of the manuscript at the end of the

sequence o

S. It is not necessary after a delete to hit E0L before contin-

uing with the next llne.

Display Format

io The dispia_ format Is as in the above example, one line at

a time°

2o All keyb<%_rd characters {see Chart II ) are displayed except

EOL, del, CASE, and META_

3, Characters are displayed as they are struck°

Case Shift

l. Some key6 on the keyboard have been assigned both upper and

lower cases. _e "characters in the middle of the keys are

lower case (see Chart _"_If>, and ,5AP3 normally interprets the

keyboard as lower case.

2. To selec_ upper ca_e, hit __he ca_e _hlf_ key, CASE, o_nd the_

hit the upper case character'.

3. 'lhe shift is not permanent; it i_ good for one character on/_<

LAP3 returns to l_¢er case automatically.

h. LAPS will _nterrupt the display after CASE is struck, until

the upper case character is also struck° When both have been

struck, the display will resume.

Line Format and Symbols

A. Origins

I, Origins mas_ be specified as octa/ con_ants, preceded by an

origin character, _, and terminated with an _DLo

Exsmrple_ to specify an origin of 300 on llne ]_ type

I
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2o Spaces are n:_t pe__mi'__ed _a*_.y._he re _n an ortgln line except,

before the origin character_

3. An origin llne may not contain a line of program. If a llne

of program appears before an origin c_m_acter on the same

llne, the program line will be o_:Itted during conversion°

If it appears after, the origin will be interpreted ineorrectl¥o

_ Orlgins may be specified throughout the program° If portions

of the binary overlap as a result, the later origins take

precedence.

5- Conversion is faster if origins referring to %.he same qus_ter

of memory are entered consecutively In the manuscript, ire°

not interspersed with origins referring to different qu_l_ters.,

This technique is no_ required, bu_: it save& much tape

shuffling d_r_ng conversion°

60 Rrograms wl%h no In_.%l.al origin will. be located aD 20_

Comments

I_ Comments are permitted anywhere in t,he manuscript so long as

they occupy a llne by them_e}ves_,

2_ A commen _°. !_ne ___+. beg_n _,_:n i'.he com_en% charae_e; _ ,_[),

It may not begin with a :-_pace.

3. If a comment is included on a line of program, the program

llne will be omitted during conversion°

i. Any program line (Joe. _any mm_uscr_pt line except origins,

comments, and equalitiesh may be tagged. What. is, it may be

identified by a symbol which, during conversion, will correspond

to the actual memory locat_on of the program line_

2. A tagged line must begin wlth the tag symbol, #. It may not

begin with a space.

3o Tags are limited to two char_ccer_

a. _ey mus_ be of the fo_ma_. _number, lettero _'

b o ._ne numbers are ] through 7; !et_er_ are capitals,

A through Z o
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C_ No spaces are permitted witbin the tag_

eog, _ is correct; #___ is not.

Any other format, or any other combination of characters

(See Error

o

lo Bit _ ,,'thei-bi_) is _pecifled oj_',_b^_c"_11_',_.,.__._._, w_*h_,_'io" _ng

"i_'on a program llne will cause bit & _o be set to a 1 during

conversion ,,

2o Bit 3 (the tape unit bit) is specified symbolically with _'uo_''

Typing "u" on a program llne will cause bit "_to be set to a

1 during converslon,

3. the vertical bar (I) is used in the second llne of _ape instruc_

tions to separate QN and BN.

e.g. QN = 3 and BN = hS, written "31&5, _''will be converted

to 30*5.

a. Spaces are permitted as indicated by apostrophes_

_3'i _45 _

h° _'Present Location _'is specified symbolically wi_h "p_'

5o _he _'+" and "'_" symbols are _ed as _'pius" and "minu_ _''in rela_

tlve addressing and in assigning the sign of a ntu_ber_ The % "

will be called to the typist's attention.

Detection¢

h_ No tag terminator is requlred.

5. A *'numbero letter" combination may be used once as a tag _#)

if it is not also used as an equality (_).

Symbolic Operation Mnemonics

I_ All flrst-order three letter mnemonics for operation codes are

_ermltted. Substitute mnemonics as defined by CharZ I are

also permitted°

2. The mnemonics used _ust agree with ,,_nartI, except that the

second character may be replaced by any other capital letter_

e_g_ o)MP or iBP are bo_h acceptable for J5%_P_

JIP is not o

No spaces are permitted within the mnemonic_
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symbol is also interpreted as "dash _'for some of t;hemeta

command_.

e_go -567 will be conver_ed to 7210.

6. The equality symbol, =, is used to assign a value to an

undefined "number, letter" combination o It is not a tag

and it may no___tbe used to assign a location to a tagged lineo

a. Equalities are permitted anywhere in the manuscript

so long as they occupy a llne by themselves°

b. The numbers are i through 7; letters are capitals,

A through Z.

c. The "number, letter" combination must be on the left

of the "=" symbol; the numerical assignment on the right_

d. No spaces are permitted anywhere on an equality llne.

e. _ne numerical assignment may not be signed.

e.g. 6G=7774 is legal;

6G_3 is not.

f. A "number, letter" combination may be defined once by an

equality (=) if it is not also defined by a tag (#)° If

a "number, letter" combination is defined more than once_

the last definition entered _n the manuscript will be the

one _ed during eo_ver_ion_

Numerals

io Numerals on any line of manu_crlpt or in any mesa co_nand must

be octal comstantso LAP3 wil3 convert incorrectly any numbers

containing an 8 or 9_

2o Spaces are not permitted between the digits of a number°

e_g° 77____5is legal; 77_ 5 is not.

Address Field

1. Symbolic and relative addressing with any combination of "number,

letter, _ numerals or _ i._ permitted.

e.g. JMP P_5

ADD 6+_

3C_6-p
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2o No spaces ale pe_Ltted within the address f_eido

3o Undefined "number, letter" combinations in the address f_eld

are assigned the value zero°

eog. _SP____, when BX is not defined, will be converted to 6000°

4o For multiply defined "number, letter" combinations, LAF3

will use the last one entered in the manuscript for the assign-

ment, regardless of whether it was entered with # or -_

e.g. The following will be converted as shown_

Spacing

Location Menuscript

i0o

#eF 3

ioI_ _ 2F_2

2F_40

Conversion

2003

6o 2 (NOT6102)

No spaces are required anywhere in a llne except as desired

by the typist for scope placement°

2o Spaces may not be Inserted_

ao Within tags_ (-_ K).

h W_hin or_gin_:_ _rn ,........... ,,_ 270 i o

co Within symbolic operation mnemonlcs_ _[S _'

d_ Between the digiss of a ntunber_ (3 45 ).

e o Within the address field_ (5X_ 5 ).

f. Within equalities ° (4L _-770)o

3_ Spaces may be inserted between the tag_ operation, index, address

and vertical bar fields of the llneo

e.g. #3D STA i 3X

_lu

2 I z0o

4. Lines which begin with either a tag (#) or a comment {[ ) symbol

are automatically positioned at the left of the scope. All

other lines wi!] appear toward the middle of the scope.

Error Detecl ion

I. Some lines _;hich contain errors are detected by the compiler

whi]e they are being keyed in, These are_



ao Taggedlines which begin wi_h an illeg_l t_ o_ t_agforma_

bo Lines which are too long..

c° Lines which contain either a tag or all origin characte_

ar(_-here except first on the lineo _]is includes comments.

2o Faulty !_nes are he]d on the scope and the keyboard is brleflF

locked_ Whenthe keyboard releases, the typist must hI% e_ther_

_'del," which will delete the llne, or

_'G," for (GO) which will accept the l_ne as u_ual_

The keyboard will repeatedly lock until one of these Meys has

been struck.

3. i_rror detection for faulty meta conmmnds is somewhat different,

and w_ll be described below.

Line Fo_m,t

io Program Lines

ao _e fo]]owlng formats for progr_m ]lnes e.re peI_dssable

(spaces op_iona3o,_ _:

#N( i SAE 5

_S L_¢ u L

b The _" _"

#3K 5 SAE i

are pemml._ed, but _he space i_ required between the _'5" and

the So

c.., '_i _ and "u _' may come 8_q2whe,Te on a lil%e_

d_ Generally, any format, is accep,ab_e, so long _

1 _ Tags come first o

2_ Number, s sa_d letters are distinguished from "'number_

].e_er combin_ionso <Examples in b_ above.

III. Meta Commands

&. LJLP,3 provLde._ nine meta co_mnands fo__ char_Ing, contrail [ng, az_d

converu ing m_nuscrip_ o



1._ Except for the Ler_.inator, me_ co_n_,ds are entered e_set]_y

as regular manuscrip%: line_o .They are displayed with a line

number and may be deleted wi%.h "del" any time before the

terminator is struck.

2. The meta command terminator is a Case Shlft (CASE) followed by

the E0L key; this combination is marked META on the keyboard_

3_ Meta commands are executed when they are entered, and automatically

deleted from the manuscript at that time. After a meta ccmmmnd

is executed, LAP3 returns to normal input operation, displaying

_he current llne number on the scope_ Continue typing.

B. Errors_ there are two klnds_

i. When a faulty met,a command is entered with the META key, a ques ,-

_ion turk (_) _il! appear on the scope following the coummnd,

and the keyboard will lock brlefly. The only key IAP3 will

accept at this point is "del." Try again.

2. Once the command has been accepted, if /_P3 finds _.hat it canno%

then be executed, a "NO _ will appear on the scope° (This does

not hml_pen until the tapes have churned a while and LAP3 ha_ at

]e_t tr_ed_ ) The "N0 " ,#ili remain on the scope until a key

(any key) is struck; LAP3 w[!l ret_;_n t_J no_ inpu_ opera, Ion

ddsplay_ng the current llne number, qhe manuscript entered up to

Shis point is still intact (except with READ MANUSCRIPT').

C. Format_

lo Meta commands must be at least two letters as specified on

Chart XII. If no numeric parameters follow, any other characters

may also be typed_ eog,, _'Display" may be specified with D__I_

DIS, DI__SP,DI_SPLAY, ere.., so long as the "DI :_'is presen_o }Iow_

ever, when numeric parameters follow, only two letters are

permitted.

2. Spaces are only permitted between the command and the parame(.ers.

D. Except for "l_ead D_anuscript," _'Copy,"' and "Convert Manuscripts,"

com_mnds are effective _ for _muscrlpt in _he working _rea of

the ta_e (see p. I, I_A).
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Format._ RE iN, nMETA

or_ RE LN- uX+n_i_:A

Lines _%v be removed :from the manuserip_ by typing _'P_"

foll.o_ed by the llne number, LN, (spaces optional) of

the first, llne to be removed, _fs is followed by a comma

and the number of lines (ocT,s/) to remove, or by a "-_ and

the first line number after the area to be removed.

Examp]e_ To remove 5 lines begimnirg w_th line 230,

when the _mnuscrlpt presently goes through llne _0_,

bo

C_

t_ (on l_ne 0_0_)_

o_o3

PE 230, 5META

o_03

or PE 230-2 35META

When the M_I'A character is entered, _3 will execute

the conmmmd; the rest of the manuscript is automaiically

renumbered, mid LAP3 returns to nol_mml input operation by

displaying a 0376 as the next line number.

When a RENDVE includes the last line in the manuscript, an2

terminating parameter beyond t.hat point will suffice to remove

the !ines _

Example_ To remove th_ _" _ '" _In_ a

which presently ends at line 164, type

RE 155,10 (or any number greater then IO)ME_:A

o165

or RE 155-165 (or any number grea_er than 165)MET A

LAP3 will return with 0155 on the scope as the next

llne number.,

LAP3 will respond with a "NO" when a I_VE requests a llne

number (as the initial parameter} not contained in the mmm-

userlpto Example_ RE_)VE line 20, when the manuscript only

goes through line I0.

Format _ IN LNMETA

ENIv_TA

0165
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ao

b_

co

Li_es _my be inserted in the mauu_.¢rip_: by t}qoip_ "'iN,"'

followed by t_he line number of the llne flo]lowlng the

place the inserts are _.o be put. :_[N j_OMETA" means

"insert the following before llne 30. '_ A OO50 will appe8,_

on the scope as the next line nu_mber_ l_nes to be in-

serted are entered at thi_ point "__ust a8 regu3ar litres,

They may be deleted with "del," just as regular lines,

but _'3 will delele only through line 0030. When all

the lines have beer en_;ered, type ENM_TA {as a separate

]Ine ii. LAPB will make %he inserts and return with the new

present line number on the scope_

Example_ If 3 lines are to be in_erted before line

hO in a manuscript which is presently 105 lines long,

the following sequence will appear on the scope (one

line at, a time)_

0106

_ _o oe_ _o Jo o _

i

/

J
0043

ENDMETA

O111

!_pe meta command.

Enter the 3 lines

End meta command.

New llne number appears;

continue typing..

The commands on lines 106 and h3 are deleted automatically

when they are executed.

Following the IN command but preceding the EN command, LAP3

will accept no other meta commands.

LAP3 permits the user to insert up to 2 memory quarters of

of information with one INSE_I_ command, i.e. approximately

200 - 220 lines {see Chart IV). Should this much be inser_.ed

without terminating the command, I% will be automatically

terminated by LAP3, the inserts will be made, and %he new

llne number will appear on. the scope. The user may continue

in_erting by giving a ne_ INSE}'_" command_,



d, LAP3will r_,spondwi_h a N,_, wlmen_%n[No_,,_ requests a

llne numberno_ contained in the _uuscripto E×mmple:

INSE_T before line 50, when the maJ,_script only goes

through l_ne 42_

3 o PACK Fozmat : PA_, A

_e meta commands I _ '_N.SF_ and R2-_)VE leave gap_ in _he manurer .... _,n-'-_.,

wherever-the change _s made. When several of _:hese command_ axe

executed, the number of _,ape blocks occupied by _.he manuscrlp_

can become qua.re large; the leugth of time required to execute

further co_and_ g:ro_.s proportionately, PACK w_ll condense ....

manuscript; it does not, however, chaz_ge it in any other way°

Giving a PACK command when no INSE_ or B]_E)VE has been executed

does nothing (except to make the tapes chzarn').

h._ DISPLA_ ° Fo.rma_ :_ DIM_fA

ao 9:_is command will display from 1 to 70 _oc oa/_ !_nes of

manuscript on the scope, under knob control by i:.he user,,

1) Knob 0 i_ used to select the number of lines per frame°

A request fo_ 20 or fewer (octal) lines will produce a

single column display of readable size cha_acterso

NeqP,e_ts for between 21 and 70 l_Ine_ w_]l be dlsplaved

in t%,o columns of _mail size cn_ac_e_s.

2) Knob ! is used to s-_eep through the manuscript, advanc-

ing the frame one line at a time either forward or

backward. _he middle posi_ion_ on this knob will hold

%he display stationary. Hittir_ the CASE key when this

knob is on sta]_Aonary will advance the display by one

frame { e_ g. for t_ing pictures )

b. Lines are displayed with line numbers.

Co To terminate the display, hit EOLo LAP3 will return to

normal infant operation_.

do If a request is given to DISPLA7 an unpacked mammcript,

LAP 3 will PACK it au_omatically before displaying it°

,_. • SMMETA5° SAVE MA_2S<RIP_ _ormat

a, Manuscrip_ in the working area of the LAP3 tape can be saved

at any time in any consecut_ive blocks on either unit. Saving
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b_

co

manuscript more frequentl2 than you thlmk necessary Is

recommended. Saving manuscript in the LA_3 area on the

tape is not recommended°

.Am.tunp_eked maonscripz is autcmatical/y packed before the

SM command ia executed.,

When the user types "_ "SMM_.A , the followi_ appear_ on

the scope

! 'SkVE

n l_S

AT BLOCK ?,

UNIT ?

i) "n," _upplied by LAP3, is the number of blocks occupied

by the manuscript; because of a control b].oek which

accompanies every manuscript, n is never less than 2,

2): _he question mark_ are to be fillea in by %he user_

type the block number of the first block where you want

the manuscrlpto to be put. Th_.s will replace the "'_:"_on

line 3 above. Terminate the line with EOL and type _he

unit number. This will replace the _'?'_on l_ne a above°

Tmrminate finally vith a _econd _OL and the command will

be .......*

3} If you don_t like what you t,yped, hit "de[" ano the

question mark(s} will reappear. One _'del" restozes

one _'?_'. Type the entry again, (Do any "del_'_ before

the final EOL° i} if lAP3 doesn_ like what you typed_

the question n%ark_ _ ) will reappear a116oma _lea/]y vhen

the EOL5 are struck.

do After the SAVE, LAP3 will return to normal input operation;

the manuscript will be a_ it, wa_ before the command _a_

executed '_except tha_ it may have been packed}

MA_VSC_IFT ....ormst _ _ BNo _.N -_

R._ MA_),_,I___., will restore a manuscript whic_h ha_. been SAV_'_

t.9 the working area of the L_P3 tape° Type _'RM_ fo!lo:_ed by

the block number _N), a com_na, and the _z_ number !IL_/)_oeeifv=__.

ing the presen_ location of the manuscript.

a° On3y msmuscrip_:_ _hlch have been saved _ith a _%AVE

MANUSCRIPT can be r'ead w Lth a REA_) I'4At_LI'",'o,...R_,oP_._
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b. _en the command is executed, _&?_. will r_.__ _....... t...._ '_ttf] the

present line nLunber for the m_nusc:[pt just re_, Cot,-.

tinue typing.

c,, LAP3 will _tu_n with a N_ when eta:her the .B_ or' the

UN requested is J].l.eg_!, or when T_here i_ no SA_ m6uq_

u_crlpt._ a[ tha5 7Locatlon, _iliug _ __e_ _j ke_ji -_t thi_

point will rez_tu_._[AP_ to normai inpu_ operation, bur_ it

will re1_urn with a _'l"'a_ _he pre_sent line r)/mber_ What-

ever you were typing up to the _E_D co=_ns_nd is effectively

!os%_

CONVE_ _ Format _ C,_.META

The "'CV_' eo_mmnd converT_s to binavy the manuscript in _he

work_,_g area of the i.a_

a_, _he binary version will be in blocks _j0 - _3.5 of the tape._

on unit 0 (the ._P_ tapei afi_er conversiono _iock nu_er_

correspond to memory quarters 0 - _ re_..pectivelxo

bo After conversion L_P3 will. return to normal inpu_ o_oerati<;n;

the manuscript wl]] be as it was befor.t_econver_iono

CONVERT MANUSCRIPTS Fo:_t _; _I!MM.E_A

%o convert, several man[_scr_p_:s _" _,

used. _d_ter the co_and is given, %he fo],].owlng will. appear

on the scope_

CONVERT

ao Type the block number(s } specifying the locat_on of the

beginning of e_ch manuscript to be converted. Separate _he

block number entrie_ wi_h spaces., The numbers will appear

on the scope a_ *_hey are typed; '_'del"will delete r,hem one

at a time_. LAP3 will delete non-existent block numbers when

they are typed.

b., The manuscript(s specified _ast all be on the tape on

unit O.
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"n wl,ic,h th+:y :ire requeste.:l; Joe, t.L,ey are "r'ea_ed as c.:_:_

longer m1_user_p_. :_.This hs._ re].ew_nce to or"ig_lE i:z _.h.,_,

_u]us cr ip_ _ _ "

d, _he .... ; .... '--

÷Sp{_ ....... j ' _:h__h _--Ve been _nved wit]_ 6_

[<AVE MA[_[SCRI_:2 _ay be conver_ed w:l_,h_>[o

e. _s many a_ 8 ,'._nn_cripts rosy be selected° '.Jhen 8 have b.._n

8elec_ ed_ u,&P _ wl]] _(e:nria6_te [:be selection -,.__mm _ __,,

and execur:e :he co_a.nd.. 0there.rise

£o '_re_nate the _kp/a,lscrip_ select.ion _irh DbL. LAF:_ w._!i

conver% the _n_Iscri_(s .:_and re_.u/r_ %0 n,or_]_ inpu< opera:

_-iono The ma_uscr,ip_ in the working ares. w_ll be a,s i# _va._

be_o:_ _.T_he C.M c:m!m-and was g!ven,

g, As with <_,,_, t:he bina_ conver_lon w[3]. be in bSocks 330 _- ._5._

on um!t O, block number5 correso_nd:24_ to memory qu.arte_-_

<.... .), re_pec_dvel.y _

h? A "NO ....will appear if L._P3 _ _.nd._%h_. any of" the b_....i_

specified does not con_,a!n the beginning of a S&'/f_ mma_a_c:r_p_

COPT/ For_t _ C'P
M_fA

q"nls command per_i:t_ _h_ t__.:-.¢_'-_.,_-_c_,:.ya:z::y'......,._ :_:. ".;_:JL=,__ _-:)

any place on e_.h_,r ,:_i_: (;.t :oe_._ :_ot ;_pply o:i3-" !'o :n_.nu_c-':'-,_

When the com_%91_d i_ g_ven, _he follo_!ng appears on ,.....scope.

? BLOS_(S

>EOM BiO_:. ?

U_IT ?

U_IT ?

_--- Number of b]ocks _o mov_

Present locar_ion

_eque_ted 3 oca_.icn

_e Fill in the question meJks as indicated, te_ine.tlng each

line entry with EOL. "l_.ecommand will be executed when _,he

last EOL is typed after line 6 above, Hitting _'del" wi.]i

delete entries, one at a time, LAPB will del.ete iilega]

entries aur omatlcallyo
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the block nu_ber_ _hen req_JestJng :_ { O'P_. _-_ami'[:_"

Bequestlng a (L_P" of 6 b]ock_ from b]oc.k 550 to l_]ock 5";,

on the s_an¢ t.mit will not, wor_ko _equ ........... g a !, of v:

b]_oc.h.n., ho.,_evei% _rom bl.oc:k ....)j_.,,7o _,_ock _51. "3.n_he s&In__.

unit will. worko (Obvioualy, if _he uait_ are d:._'t'e_.e_

the (!OF_ _;ilh be suceessfu/.

_, l .?

,co Af%e_ _ the _OV., .l._P] _zi!! ret_n t,o _.o:_ms/ in_:u_ oper, at_or,-;

ghe manuseripi_ in the working 5tcea :_ilJl be as i_i _s _e!:'.'.,_e

the co_d ,,

August 8, 196j
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L:_'_NC Control Con_ole

Located on the control console are most off the elements required For

manual control of the computer. _te toggle switches, arranged in group_

of three_, present digital information to the computer° The pushbutton_,

levers, and rotary _itches initiate computer actions and special modes

of operation° In addition, indicator light_ show the state off t_e major

com_]ter elements.

Register Lights

The register iigh_s display th_ coutent_ w-_ the _u_=_^....... _^_ and

various control registers; they are arranged in group_ of _hree& to facili_

tate reading in octal form° A light which i_ lit corresponds to a flip

flop iu the '_on" or S_oue_' _tateo The rightmost light corresponds to bit O

of the registeI°

XNSTHUCTION _ ]2 bit_o The _nstruction light_ display the code number

of the instruction currently beir_ executed by the computer° During the

execution of DSC, Ff0L, ROR, ROL and SCR, the rightmost four bit_ of the

Xu_truction register are used for couuting. Othem_se, the instruction

llght$ change ouly wheu the computer is ready to execute auew instructiouo

iNSTRUCTION LOCATION _ i0 bits. Daring cycle 0 (the _ cyc!e) of m!!

instructions _rlthdrawn from the memory for execution, the X_structioa

location lights display the memor_ location of the curr_nt instruction.

Xn later cycles, except for _P, XSK, SRD, and SAE, th_e light_ display

the location of the instruction the computer will execute next° In later

cycles of P21NPthe lights display _h_ location of Lhe _ecoud _ord of the _F

in_tructlon; for XSK, S3ID, and SAE, they display the location of the next

instruction iu sequence, regardless of _ahether that instruction may be

_kipped or not. Au instructlou executed manually from the cou_ole _glth

the DO TOG _STR lever affects the £n_tructiou Location lights only when

the instruction Itself i_ JMP.
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ACCL%fJLATORand L _ 13 bits. The Accumulator (!2 bit_) and the Link bit

(marked L) are affected only by executi:_ instructions _._hich z'equire their

use. They cannot be distt_'be,d by any cou_ole operation_ e'rn_,_._p'_:...........t_,)ri_ijC_:Y_.:'_:Yf_I_o

)_,_R_ CO-NTE_ZS 12 bits. '_'_- -__, a.:_p_ay all _:,_o_,dsw:'thdrawn

from or stored in the memory. They also d_i_;piay the "_,__ "_3-: ,,_,,._..t z_ ...;.ca,_d duz'ing

the last pmrt of a _,_ /ustr_ctiono

_iORY ADDTiESS - ii bits. 'iYneMemory Address lights display the memory

location of any %Drd _ribhdra_n from or stored in the memory. Except for

later cycles of IgbrLj D_S_ S_,. OPR_ and the shift i_structions: the_e !ight_

display the location of the %_ord in the Memory Contents register.

REI_YS. _-e six Relay lights display the state of the relay _.lip_flops.

They are set to zero when pod,mr is tinned ON or OFF° O£her_.'se they are

affected only by the A%_ instruction.

RDN Li_.t s

Two lights _mz-hed R ',jI_un)and P (Pau.zc) iudicat_ thu _,batc of ti.<e

computer's activity. When the computer is opersting :_nder p::ogram co_tro.l.>

the Run l_ht is no_.vaally lit. The Ruu light also co_s on during most

pu61£outton operotious. The Pause light _,_i!l come ou duz.i-_ _,'N!Pinstruction_

and _,zhena pause i_ initiated during OPR inst_ctions. _.'_en_:either light

is lit the computer is STOP!;ED.

CYCLE Lights

,,,e l_gn_s marked I, ,_, O, and E display bhe cyc:'..epez'iods of ,e,u

instruction as it is executed by the ccz,,t!_u-be:r. _lle J: i.ir*g_),i; ,x.........._z_p,_,,:,:_-:'

to Cycle O_ oz' the -.nutz.uc-biou :,-,"'_. :h_:u:::._{,:_,_:Lch the _,_ ..... y,-.:;io>_ !:;



brought into the instruction register. Cycle l, marked X, is the index

cycle, so called because all lustructio_except XSK _hich index a _ord

in the 8 registers do so iu Cycle lo 0 and E, the operation and execution

cycles, correspond respectively to Cycle_ 2 and 3.

Toggle Switches

Three sets of toggle s_itches are available for presenting iuforma_

tlon to the computer. A s_itch _¢hich is up is said to be in the "one"

state. As wlth the register lights, the rightmost s_itch is switch Oo

The SENSE SWITCHES (6 toggle switches) can be sensed, one switch at a

time, by the S_S instruction. They are used -_nile a program is running

to control program brauchlug. The RIGHT and _ SWITCHES (12 toggle

..... wi_ _ RSW and _Wswitches each) can be read ±u_u the Accu_,Jlator _ _

instructions. _]_e_e switches are also used e_en_ively in conJunc%ior_

_Ith the 9ushbutton_ and levers as d_._cribed below,

___hb_t_n_ Levers_ and Rotary S_itches

Control of the compute_ is provided through the various pushbut_ous

and levers at the control console. Some execute in_tr_ctions or monitor

stored instructions as they are executed by the computer. Others ar_ used

to examine or change the contents of words In the computer memory, and

others, such as MARK and CLEAR, change the operating state of the computer

altogether.

%_e pushbuttons labelled AUTO RESTART, ISTOP_ XOESTOP, FILL, EXAM,

CYCLE BY CYCLE, INSTR BY IN_fR, CLEAR, and MARK _rill light _hen pushed.

The other pushbuttons and the levers do not ligjat. Generally a lighted

pushbutton indicates that the computer is operating in the stated mode.

Those buttons _rith no light initiate single actions; to 1_peat the action

the button or lever must be pressed again.



Most of the pushbutton_ _nd levers are mutually exclusive; operating

one of them _ll generally disable the others. Pushing a button _ich

is illuminated _ll simply repeat the indicated action. A modeis generally

left only by initlating someother console action leading to a new mode.

Exceptions to this are described indivldtmlly below.

The control console is designed so that most actions can be initiated

at any time _¢ithout damaging a running program or a tape transfer. When

an action is initiated while the compu_cer is Running !ithe R light on)_ the

computer _aits until a "safe" time (t I time of the I Cycle (0) of the

ne_Ct instruction) before changing mode. That is, it _¢ili al_ays finish

an instruction _;hose execution is in progress before changing to a new

mode. The same is true if an action is initiated when the computer is

Stopped in the X, 0_ cr E Cycles (Cycles l, 2_ or 3). Under these eircum_

stances the computer frill be set to Run and trill proceed to the next

"safe" time, t I time, of the I Cycle of the next ir_truction. (The

exception to this occurs in STEP actions when CYCLE BY CYCLE is on; see

below. ) Furthermore, console actions do not affect the Instruction Location

register or the Accumulator (unless the_; are specifica!!_ intended to do

so, e.g. START 20). The user_ the<'efore, can always resuune normal _uuning

operation after interruvbio_ n Eunni_'g or Stopped coml?uter.

The Stop l_ve., i_s t_.-_.only means of interi_uptir_ the computer _f the

computer i_ in the Pause state. If the computer is interrapted while

Faulted, it _LI not fini_h _he instcucb]Ono

The i_ove re_mu_<s about mode chmnzing do not per Lain to the A_IO

_ESTART, iSTOP, and XUESTOP pusl_uttous. These take effect independently

of the rest of the console, and are recognized _dthout interruption of

the computer.



ON. The ONpushb'uLtoa _upplie_ power t_) the computer and imitlate_ certain

"presetting" actions _¢hicht_u:n control elements to an "off" or "safe"

state. P_hing this button _hen the computer is off will start the central
1

clock and leave the computer in a ready state to begin operation:B. .The

Run, Cycle, Instruction, and Relay lights _rill be cleared, the console

pu_hbutton8 cleared, the tape wrlte=gate shut off, and the computer and

the tapes left in the STOP.PED state° The contents of the memory and the

tap<_s are not affected_ Pu_hlng ON when the computer is already on

has no effect°

0_?. The OFF p_hbutton removes po_er from the computer. As po_r dis:

appears, presetting pulses appear temporarily as in turning ON. However,

s#_nce this presetting i_ uot at present _ynchronized _ith other action:c,

it is advisable to ma_e sure the computer i_ STOPPED (the RD_ lights

Doth out) before pushing OFF° Pu_.hing _F _len the computer is running (R)

or paused _ "_P) may destz9y a _rd In the memory or on the tape_ Pushing

0_ "when the computer is already off ha_ no effect°

_° The red _R pushbutton clears the computer ._emory and does a

_}.mple memory rea_._rite _eet. r_ushi_ thi6 button clear_ all o_he_

con_o!e funct.[ons and put_ the computer in a clear and teat mode; the

CI.EAR light end the R light _rill come on. The Cycle light_ _ill go out.

On alternate passe_ through the memory the computer _rltes and reads zeroes,

then write_ and reads ones, in each memory register. Should the memo_y

test fail, the computer rill STOP (R_N lights out). The Memory-Addres_

register and the Memory Contents reg_._ter will display the location a_d

coubents of the memory register _4_ich failed, if the computer %ms w:'it:[ng

and readi_g zeroes at the time of the f_ilure, all the bit_ in the R£_mory

Contents ]'egister will be zez_ except t!l_.bit(_) _Ich failed, Indicat_.ng

that the memory has "picked up a one°" If the computer was _,.riting and

reading ones, all the bits in the Memory Content._ register ,511 be one_,

except the bit(s} _hich fail_d, indicating that the meraory has "dropped

a one. _' The comv_t_.r will _tay in the CLEAR mode until _ome other cou_o]_

1 No _aN_-up time is necessardy except, for the scopes,, which requ_ about 40 s_oc:_



_6

action is initiated. Regardles_ of _ether the computer was on a pasa

tempting for zeroes or testing for ones, the entire memory Is al_ys left

with zeroes when the CLEAR mode is iutennlpted, iSTOP and XOESTOP are

not recognized when the computer is in the CLEAR mode.

I_. The red MARK pushbutton is u_ed in conjunction with a special

program to generate LTNC tapes. Pushing this button clears all other con-

...... .'_,o the _A.:___oie funct._ous except; _-STO_ _nu-" X0-._oOP,_'=°'_'_put_ _-'_,_=computer "_

TAPE mode, and begins executing instructionB at location 40. Although the

computer operates under p:rogram control when generating tapes, the SAE

instruction behaves differently in the MARK mode_ Although some console

actions may be initiated, they will disrupt the tape generation timing

and may disable the MARK mode itself. Therefore no other console actions

should be initiated while the MAPg. light is on. L_2_ewi_e, the MARE_ button

should not be pushed except _._henit is expressly des_1_d to generate a

tape. Ho_ever, unless the computer encounters an MSC 13 instruction,

pushing the MARK button _dll not damage the information on tape. The

_MAP_ button can be turned off by starting some other console function,

or Jy _-L_ec_._±r_a -lILTor _P inst_action.

EX_',I. TT_e EXAM pushbutton i_ used in conjunction with the Left Switches

to examine one memory word. Pushing this button interrupt[4 any operation

the computer might have been carrying out, and clears all other console

functions except YSTOF and XOE_0F. When EXAM is pushed, the EXAM light

Will come on and the ccnteut_, of the _,,_o:_:dwhose addre_s matche_ the _etting

of -_he l_i_ S_itches _il! appear iu the Memory Conteuts lights. Th,

set,;ing of the L'_ft S_._t.che,L__,c!llapLear iu the N,_;mo_ &dd_'.,._=_._lighLr_,

The computer _il]. STOP _F£0N lights out). _t _-lll remain in the F_M _ode

until some other console actlon is specifled.



_I._. The FILl., pushbuttou i_ u_ed in _onj°_nctiou w_ith _he !eft and P.ight

S_itches to fill one memory_rd f_m the console. P_hiug F_LLLinterrupts

any o_eratiou the computer might have been car_-jir_ out, and clears all
other console functions except _STOPand XOESTOP.Whenthe FILL button

is pushed, the FILL light comeson and the word held lu the _Right Switches

is _tored In the memory at the location specified by the Left Switches.

The settings of the Left and RigJlt S_;Itches _ill appear respectively in

the Memory Address and Memory Contents light_. When the FILL button is

_eL ased, the light goes out and the EXAM light comes ouo The computer

examines the _rd addressed by th_ Left S_itches, just as though EXAM had

been pushed_ and STOPS. The computer _rill remain in the EXAM mode until

some other console function is specified. Pushlug FiLL affects only the

memory word addressed by the Left S_itches; it may be used _ahen the compu_

ter is _nir_ or _+....

_TEP EXAM° The STEP EXAM lever interrupts any op_ratlou the computer

might have been carrying out, and clears all other console fuuctlons

except ISTOP and XOESTOPo It operates llke EXAM except that the Left

Svltches are not read into the Memory Address register. Instead, STEP EXAM

_t_p_ the content_ of the Memo_j Addrc_ register by l_ and di,_%_ia_ in

bhe Memo_ Contents register the _ord at that locatlou. The EXAM light

comes on, and the computer STOPS. ]it _.rillremain in the STW_? EXAM mode

with the FDG_4 light on until another console action is initiated. STEP

EXAM may be _ed _fnen the computer is Running or Stopped.

F[CLL STEP. The FILL _TEP lever interrupts any operation the computer

m%ght have been carx_i_g out, and clears all other console functions except

_STOP and XOESTOP. It operates like FILL except that the Left S_ritche_

are not read into the Memory Address register. _u_tead, when FILL STEP

i_s/o_E_ressed,the F/_!_ light comes on and the contents of the Right S_itches

are read into the Memory Contents register and are stored iu the memory

at the location 3peclfied by the _emory Address register. When FZ[_L STEP

is released, the computer behaves as in STEP EXAM and Stops. That is_ the

conteut_ of the _emory Add-ce_s register are stepped by l, and the _r4



at that location is displaymd in the Memory Contents register.

light comes on and the computer is left in the STEP _M mode.

may be used when the computer is Runni_ or Stopped.

The EXAM

F!IL STEP

Selective 8tarts

The follo_ng ......_ _^+_^_ _-+_-+ _, operation the computer

might have been carrying out, and cause it to start executing instructions

at the selected locatiouo They clear all other console functions except

ISTOP and SDESTOP_ and put the computer directly into the Run state.

They may be used _eu the computer is Runulug or Stopped.

START 20. The computer begins executing instructions starting at location _0.

ST_\T 400. The computer begins executing iustruction_ starting at location hO0o

START RS. The computer begin_ ex_cuting instructions starting at the location

_p_,clfied by the Right o_t_he_ .........

RES_E. %_e computer begins execue_iug instructiou_ starti_ at the locat_ou

presently displayed iu the Instruction Location llg_ht_o It can therefore

be used to resume noraal rumling at full speed after au iuterruptiono

Se_c,.ive Stops

The L[_g' cau %e :_.s.de%0 ,_top uud,&r _._pecif!e¢l ccudi-_iou__."in t.ht coucse

of _[[nuing a program° ._._efo!iowiug s_op._ are esp_ciaily tuseCul _hen

%rylP4_ to detect program errors. The L'£NC al%_'.__ stops 8t t I time (_ee

In._truct_.on Tim.ing Diagrams}. regardles6 of the kind of Stop ,_pecified.

Any of the follo'_ring stops m/_y be specified _nhen -she co,uputer is Running

or Stopped.



I}B'fP, BY INSTRand CYCK_BY CYCLE. These pushbuttous interrupt any

operatiou the computer might have been carrying out and clear all other

console functions except ISTOP and XOESTOP. Pushing either button x_heu

the computer i_ Run ai_ _ll cause it to Stop at the next. I Cycle,

t I time, i.e. at the beginning of the next instruction. Pushing either

button _heu the computer i.'_Stopped In the i Cycle has no effect except

to clear other console lhmction_o _hi_Ig either button when the computer

is Stopped in any c_cie other than _che [ Cycle _rill ca_e the computer _o lh_n

until the next I Cycle, t ! hime and Stop at the beginning of that _n_t_ac_

tion° The pushbuttou light comes on and the comp_fcer is left ready to

executeone instruction, or one cycle of an Instxulction, every tlm9 the

STEP lever is pressed° _._hen operating in either of these modes, the

computer executes stored programmed Instruchlons Just as it does when

Running at full speed, except that it S_£ops at the specified points.

_STR BY E_ l_en the computer is in this mode, pressing the STEP

lever causes the comp_fcer to execute the instruction displayed in the

Xns_ructlon lighzs and Stop at tI time in the I Cycle of the ne_____in_tructiono

=,_ry time the STEP icv_r is pre:-_ed, the c_mputer execlltes one more _n:_t_ac=

tion and stops° Every time the computer stops, the i light '_ _ _ -_uyc_ u, will

be onj and the Instruction and In_tructlon Location lights _ill describe

the next instruction to be executed.

CYCLE BY CYCLE. _hen the computer is in this mode, pressing the STEP

lever causes the com_uter to exscute one cycle of the instruction displayed

in the Instz_ction lig1_t_, and Stop at tI time of the next cycle. Every

time the STEP lever is pressed, the computer executes one more instruction

cycle and stops. When the computer stops, the Cycle and instruction

lights _rlll describe the stop point. If the instruction being executed

has cycles _h__eh repeat (e°g. the _hift iustructiou_ which repeat Cycle

until all the shifts are completed), the computer will stop at each t 1

time, each time the cycle x_pe_t_



,lO_

The computer will not, however: _£_P Cycle by Cycle through an MTP

or OPRinstruction° This Is to prevent possible loss of information

because of unusual timing couditlonso In these cases, the computer _rill

execute the entire instructlou and Stop at tl tlme in the I Cycle of
the next instruction. It will not, however, leave the Cycle by Cycle mode.

STEP. T_e STEPlever is 1_ed in the INSTRBY II_R and CYCLEBY CYCLE

modesas described s!_ove. When the computer is in neither of these moses;

pressing STEP has exactly the same effect as pushing the INS_R BY INSTR

button. Tlmt is, other console functions trill be cleared and the computer

_dll Stop at t I time of the next I Cycle. The INSTR BY INSTR light _ill

be on.

ISTOP and XOESTOP. These t_o p1_hbuttons are used to stop the computer

_nenever a reference is made to a selected memory locatio_. The user

_lects the memory location by setting the Left S1rltches. The computer

will then stop _len "the Left Switches match the contents of the Memory

Address register.

Either button may be pushed _aeu the computer is Running, Pa_ed,

or Stopped, although neither _rill be recognized when the computer is in

the CLEAR mode° Neither button changes the state of the computer until

the specified stop condition is met. T_ney clear each other and the AUTO

RESTART lighZ_ but no other console functions. They are themselves cleared

only by pressing the STOP lever or the CLEAR pushbutton.

L_TOP__. I_fOP viii stop the computer at t I time when there is a match

bet_een the Left S_itches and the Memory Address register iu the I Cycle.

Since in the I Cycle the Memory Address register al_my_ holds the location

of the instruction, LS"TOP is used to stop the computer _en it comes to

a selected location in the program. In thls case the instruction Location

llght_ and the Memory Address light6 _rill both match the Left Switches

when the computer stops. %o._u is useful for running full speed to a



l
_:, _ i _

program trouble spot, at _hich point the user may wish to STEP Instruction

by instruction or Cycle by Cycle, or to EXAMine a register. If RESL_4E

is pressed the computer _ill continue normal Running until it again finds

a match between the Left S_itches and the Memory Address register in the

I 6_jele.

XOESTOP. The XOESTOP pushbutton will stop the computer at tI time _hen

there is au address match in the X, O, or E cycles. When the computer

stops, the Memory Address lighis_dll match the Left S_itches, and the

Cycle lights will display the cycle in _ich the nmtch was found. %/he

XOESTOP is helpful in tracing the use made of a particular memory register.

If, for example, au Index register is bei_ig incorrectly indexed, or au

instruction in the program is being improperly treated as an operand,

XOESTOP together _-ith the Lef_ S%_tches make_ it possible to check every

reference the program makes to the register In question. XOESTOP _rlll

not stop the computer when a match as found during an M_P or OPR i_truction.

Tlle STOP Lever

The lever marked STOP should generally be used when other stops (such

as _9FEP, INSTR BY INSTR) are not effective. This lever not only stops

the computer, but also does certain presetting of computer control ele_utso

Pushilkg STOP _;hen the computer is Ruuui1%E _ill clear all other console

functions and interrupt %he computer at the next i_Cycle, tI time. The

computer will STOP with the cycl_ lights cleared. The same is true if

STOP is pressed _eu the computer is Stopped in the X, O, or E Cycles;

pressing STOP _ill cause the computer to Run, finish the current instruc-

tion, and then STOP at the next I Cycle, tI time _rlth the Cycle lights

cleared. Moreover, STOP _lll interrupt the comp_er when the computer

is Paused, i.eo in an M_P or OPR instruction, _ithout finishing the instruction°

Since most console actions cannot be carried out ,._henthe computer i_ Paused,

STOP as used to take the computer out of the l%use state and leave it in



the _IDP state, a state in _._ich other console actions are effective°

Since STOP interrupts a Paused computer without finishing the instruction,

it can also be used as a ;'panic" stop _._eu the user does not want the

computer to continue _ith an M_P or OPR iustructiono if, for example 3

the user observes that the computer is about to write ou the wrong block

on the tape, or read a tape block into the wrong quarter of memory, STOP

can be used in the hope that it will take effect before the transfer takes

place.

Pressing STOP clears not only the RUN and CYCLE lights, but also

the Memory Contents light_, as _rell a:_ any co_o!e _'urlction incl,_din_

_STOP and XOESTOPo it also turn_ off th_ memory flip_flop _MEM_), the

tape write gate (WGFF), and stop_ any tap_ motion.,

The DO TOG INSTR Lever

DO TOG INS_R. The DO lever is used with the Left and Right S_Itches to

execute iust_mctior_manually at the console. Executing instructions at

the console _hou!d not be confused with the _e_uentia_ execution of _tored

programmed instructions _nich the computer does, for example, _%len one

of the selective starts is used. The latter requires that In;_tructlons

be stored in the computer memory; however, _ghen instructions are executed

at the console with the DO TOG INBTR lever, the computer reads the iu_truc_

tion from the left and Right toggle Switches. Pressing the DO TOG INSTR

lever clears all other console functions except ISTOP and XOESTOP, and

interrupts any action the computer might have been carrying out° The com_

puter executes one instJ_ction and STOPS. Th_ instruction mu_t be set

in the Left Swltches_ The Right Switches are used to hold the second wo_

of double register instructions; they are ignored during the execution of

single word instructions° When the DO TOG INS_2R lever is pressed, the con_

tents of the Left Switches replace the contents of the Instruction aud

Memory Contents registers ('see Instruction Timing Diagrams, Cycle 0)_



The Instruction is then executed exactly as though it had comefrom the

memory. The Instruction Location register, however, is never indexed

under these circumstances; therefore instructions such as STA i with _ = O,

or SKP, have essentially no effect when executed in this way. The instruc_

tion Location register is changed by Do Tog instr only when the instruction

iu the Left Switches is a JMP X; the value X {the right lO bits of the

Left Sw_tches) will replace the contents of the Instruction Location r_gistero

When the computer stops ai_her DO TOG !NSTR is used, the Memory Address

lights will be cleared, and the Memory Contents lights will display the

last operaud read from or into the memory during the instruction° If the

memory is not used, these lights will be cleared. The Instruction lights

will display the instruction Jltst executed, lee. they will match the Left

Switches. The Accumulator will have been changed only if used by the

instruction, and the Instm_ctlon Location lights will be unchanged (unless

the instruction is JMP). Normally, the Cycle lights will display the last

cycle of the instruction. If the iustruction is MTP, however, the Cycle

lights will be left set to the I Cycle. Generally a setting of the X, O,

or E _cles a_ indicated in the Cycle !ight_ :3ho_ that the cu__rent instate

tion has not been finished. After DO TOG iNSTR is used, ho%_ver, the

Cycle lights display the last cycle executed. The DO TOG INSTR lever may

be pressed when the computer is Running or Stopped.

Slow Speed Operations

AUTO RESTART and EF/AY. By means of these control_, the _Ll_C can be made

to run at variable speeds while it is executing stored programmed instruo_

tious, or it can be made to repeat certain console fuuctlous automatically°

The AUTO RESTART pu_hbutton is al_mys used following some other c_i_ole

action to restart the computer automatically _euever it stops. Thi_ gen_

erally has the effect of repeating the console function most recently executed°



AUTO RESTART will be recog_ized any time it is pushed, except _hen the

computer is stopped iu the I Cycle of a HLT iu_t_.uction_ it in no way

interrupts a Riuuiug or Paused computer, nor does it clear any console

functions _+hieh may be active. It is itself cleared, however, by uuy

other console action, or by executing a _ instruction. Therefore, to

use AUTO RF_ART, the computer must first be in the desired mode of opera=

tion before pushing the AUTO RESTART button.

The black rotary s_citch marked DELAY determines the length of time

before restart : the lower part of the s_ritch has 4 discrete posltions_

the upper part is continuous. Together they provide a total range from

a few microseconds to 0.9 sec. Changing the setting on the I]ELAY s_ritch

when Ab_O RESTART is not lit has no effect.

When AUTO RESTART is pushed after EXAM, or after FILL (_b.ich reverts

to EXAM), the computer reexamines the register specified by the Left

S_ritches every time the AUTO RESTART DELAY period is over. The user

can change the setting of the Left S_ritches and examine different registers

_+ithout pushing E_XAM _J_gaino When used aT_er _P_EX_'_. or a_er FILL-_ _,

(which reverts to STEP-EXAM), the computer _¢ill continue stepping the

Memory Address register and examining sequentially the contents of the

memory. With CLEAR, the computer _ill restart automatically every time

a memory failure causes it to Stop.

_len the computer is in CYCLE BY CYCI_ or INSTR BY INSTR, AUTO RESTART

effectively replaces the STEP lever (_rithout clearing AUTO RESTART),

restarting the computer after evel_y stop at tI time :aheu the DELAY period

is over. With ISTOP or XOESTOP, AUTO RESTART effectively replaces the

RESL_4E lever (wlthout clearing AUTO RESTAI_). These applications of

AUtO RESTART are often useful iu monitoring a program.



After a DOTOGINSTRaction, AL_ORESTARTwill usually cause the

computer to repeat the last cycle of the instruction, sometimeswith

interesting effects. After STOP,AUTORF_TARTwill clear the Memory

Address register and examine register 0 in the MemoryContents register.

The Audio Control

The black rotary switch labeled AUDIOis used for aural monitoring

of a Running or Pausedcomputer. Like the Delay s_itch, its lower part

has 4 discrete positions and its upper part is continuous. The gong which

rings at a HLT instruction or a CLEARfailure is active only whenthe

lower switch is in position 1. The Audio control in uo way interacts
with the rest of the control console.

Interaction of Pushbuttons and Levers

Someconsole actions can be madeto _ork simultaneously _th other

console actions, that i_ without elearlug one another. These are, namely,

STEP, CYCLEBY CYCLE,or INb_I'RBYINSTIl _llch can be held active during

START20, START400, START'RS, or DO TOG INSTR_ This, of course, maaes ir

possible to start a program in the Cycle by Cycle or £nstruction by

Instruction mode, oi"to observe a Do Toggle Instruction action cycle by

cycle.

To start a program (START 20, START 400, or START RS) in one of the

STEP modes, first press the STEP lever. Next, before releasing the STEP

lever, push the desired selective start button° The INSTR BY !NSTR light

will come on and the Instruction Location light_ _ill change to the new

_tarting address° Release the STEP lever and the _tart pu_.hbuttou_ The

computer will iudicat_ that it i_ Stopped in the I Cycle of the instruction



at the starting location, in the INSTRBY INSTR mode. The user may now

STEP, one instruction at a time, or he may now push CYCLE BY CYCLE, and

then STEP one cycle at a time.

The same procedure may be used with the DO TOG INSTR lever. With

this lever, however, the user may push either STEP, CYCLE BY CYCLE I or

INSTR BY INSTR, before pressing DO TOG INSTR. Again3 the first button

(or _"_._, is not released until the DO TOG !_R -_r_._ has been pressed°

After both have been released the computer _ill indicate that it is Stopped

in the I Cycle of the toggle instruction. Either the INSTR BY INSTR or

CYCLE BY CYCLE light _lll be OUo The user may now STEP through the instruc_

tiono

If the toggle instruction is executed CYCLE BY CYCLE, the computer

will stop at tI time at the beginning of each cycle (except _FP or OPR).

At the end of the instruction (after the last cycle has been executed)

the computer will bring the next instruction, indicated by the Instruction

Location register, into the Instruction and Memory Contents registers, and

Stop at tI time of the i Cycle of that instruction_ it _ill not stop

at the end of the toggle instruction as it does when the DO TOG INHTR

lever alone is pressed; it STEPS from the toggle instruction into the

next memory instructiou_ This is also true Mien the toggle instruction

is executed in the INSTR BY INSTR mode.

23 July 1963



MASSACHUSETTS iNSTXTUTE OF TECHNOLOGY

Center Development Office

For Computer Technology in the Biomedical Sciences

292 Main Street, Cambridge 42, Massachusetts

To: LINC Users

From: M.A. Wilkes

Date: 3 September 1963

Re: Tape Generation

it seems that a faulty copy of the Tape Generation program was released

to some users. The bad copy generates 25710 data words per block instead

of 25610. Therefore, please check your binary copies of the MARK program

against the enclosed paper copy, and verify that location 165 contains

7426. If it does not (the bad copies have 7425 at location 165i, your

tapes may well be bad. You may either generate all new tapes or you may

check your tapes by the following procedure:

Io

2.

3.

4.

5.

6.

CLEAR the memory.

FILL locations O, 377, 400, and 401 _th 7777.

WP.XTEA!_D CHECK Quarter 0 onto some free t_pe b]ocko

CLEAR the memory again.

READ AND CHECK into Quarter 0 the tape block just _rritten.

EXAM locations 0, 377, and 400. L_f 0 and 377 contain all ones, and

400 contains all zeros, your tape is all right. Tf all three loca_

tions contain ones, your tape is bad.

If you find you have bad tapes, fix the MARK program, and then generate

and check a new tape. Move LAP3 and any other programs you have onto

the new tape. (You can use the COPY Meta Command in LAP S to do thls_

although other LAPB routines may give trouble if the LAP3 tape itself is

bad.) Then remark all bad tapes.



You _ill notice that the enclosed paper copy of the _S_PKprogram includes

a tape WRI and RDCroutine to be used after a tape has been marked.

You may_¢ishto add these instructions to yoar copies of the _L_RKprogram.
!nstructious for using both programmare also enclosed.
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Ta2e Mark Pro_ra_

Memory
Location

4O

44

5o

54

60

64

7o

74

Contents

SET i 3

-1023

SET i 16

4

SET i 4

SETi 7

6

SETi 6

_io

MSC !3

SET i 5

0

SAEi

0

XSKi 5

SAE i

0

XSKi 6

JMP 53

SAEi 17

SAEi 17

SAE i 17

SAEi 17

SAE i 17

16

SAEi 2

LI_ i

63

6754

76

4

64

l0

67

6

66

7767

13

65

0

146o

0

225

6o55

146o

0

226

6053

1477

1477

1477

1477

1477

1456

!462

1020

Comment

Total number of Blocks including extras

Initial BN, i.e. -!0

Write Gate On and _iRKUP pulse

,Front End Zone

I Mmrks

Forward Block Mark

Guard Mark

* The SAE instruction operates as a "MARK.TAPE in__tr%ictlon during MARKing.

All other l,.soru_ulons operate a3 described iu the L/NC 0RJ)ER CODE.



Memory
Location

75

!00

lO4

ii0

114

120

124

130

134

_0

SAEi ii

ADD 4

SAE i ll

CC_

SAE i ll

STC 6

SAE i ll

sRo 7

ADD 5A

SAE i II

sR0 7

ADD 5B

• 11

sRo 7

ADD 5C

SAE i Ii

sRo 7

ADD 5D

&_E i II

SRO 7

ADD 5E

SAE i Ii

SRO 7

ADD 5F

SAE i 11

SRO 7

ADD 5G

SAE i ll

sRo 7

ADD 5H

SAE i ii

Contents

7777

1471

2oo4

1471

17

1471

4o06

1471

15o7

2217

1471

1507

2220

1471

15o7

2221

1471

15o7

2222

1471

1507

2223

lkT1

15o7

2224

1471

15o7

2225

1471

15o7

2226

ZkTZ
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Comments

Offset



Memory
Location

135

14o

144

19o

160

164

17o

174

SRO 7

ADD 9J

SAE i ii

SRO 7

ADD 9K

SAE i Ii

sRo 7

ADD 5L

SAE i ii

SR0 7

ADD 5M

SAE ill

SAE ill

SAEi l_

s_c 6

SAE i Ii

ADD 4

SAE i ii

ADA i

2_IE i ii

STC 4

SAE i ii

SETI 5

-351

SAE i II

XSKi 5

JMP 166

SAE i 13

SAEi i

SAEi 2

SAE 7

Contents

1507

2227

1471

15o7

2230

1471

1507

2231

1471

15o7

2232

1471

1471

1471

4oo6

147i

2004

1471

1120

7776

1471

4004

1471

65

7426

1471

225

6166

1473

1461

1462

1447
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Comments

Final Data Mark

Check Sum Mark

Guard Mark

Backu_ard Block Mark



Memory
Location

17)

200

204

210

214

220

224

230

232

SAE i i7

XSKi 3

JMP 66

SAE i

0

SET_6

-I0

SET i 5

0

SAE i

0

XSKi 5

JMP 206

SAE i

0

XSKi 6

JMP 2O4

HLT

_A lo

fbB 4
#9c 2

_sn i

_E 2oo

_SF i00

#5G 4O

_H 2O

_bJ4000

_bK2000
_L i000

_M 400

Page 4 of 5

Coutent s

1477

223

6066

i46o

0

66

7767

65

0

i460

0

225

62o6

!460

0

226

6204

0

I0

4

2

i

200

i00

4o

20

4ooo

2000

I000

k00

Co_nent s

Z Mark

1
Back End Zone

J Clear MARKFF



___2eWrite and CheckRoutine

Page 5 of 5

Memory
Location

3o0

304

31o

314

324

330

334

335

Contents

LDA i

3/0

STA

313

STC 324
SET_ i

1377
STAi i

XSK i

JMP 307
WR! i u

[3/0]

LDA i

1

AEM

313

4000

JMP 312

RDCi u

[3/oi

ADD 315

A_M

324

SAEI

40o0

JMP 323

MIBi u

0

HLT

1020

3000

!040

313

4324

61

1377

1061

201

6307

736

1020

I

1140

313

1460

4000

6312

730

2315

114o

324

1460

4000

6323

733

0

o

! .

Comment s

h

Clear Quarter 3

_WRI zeros in every Block

RDC every Block

Move toward Block 0 to rewind the

tape, and HLT


